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An era of new
generation in
automated test
equipment.

Select Cream of Electronic Components. No
Trouble with Experiments in Lab! No Trouble
with Instruments You Make! Use APLAB 4910
LCR-Q Meter

W Direct Digital read-out within no time.

W Automatic discrimination of inductance &
capacitance.

W 100Hz or 1KHz selectable test frequency.

W 0.25% basic accuracy.

W Bias voltage for electrolytic capacitors.

You have a choice for component sorter which
selects the components within the set limits.

APPLIED ELECTRONICS LTD.

9D House. A/ Wale Inustrial Esate

Thane 400604, India. Phone 59 18 61/2/3. 507318
Tees 011 TIG78 APEL . cae: Apaptnang

WE Keep LARGEST Stock

At
THe Most CHEAPEST PRICE

RK&LK

NEW RANGE OF T.V. COMPONENTS

VCR SOCKETS (COAXIAL) ANTENNA SOCKETS

300 TO 75 OHM ADAPTOR

TUNER PLUG
LINK

REGULATOR | crpamic
ERROM FILTER
®2716©2732 | ® 7805 ® 7809
©2532 @ 2764 | © 7812 @ 7815 SEETESINE
SFE 10, 7 MB
TTL/CMOS | SCR/TRIAC OP-AMP
74 1500-373 6A-40A ©324 0339 @ 741
400140105 400V-600V  [® 158 @ 258 @ 358
TBA-SERIES | TDA-SERIES | TRANSISTORS
©5000810 | 115401170 | ®@2NveB®ED
©5200920 | @113 @ 2593 ® BF-SERIES

MANY MORE SALEABLE ITEMS

conTACT

ROCHOR ELECTRONICS ENTERPRISE PTE LTD
10, Jalan Besar#01-06 Sim lim Tower Singapore 0820
Tel: 2950729, 2928364, Telex: RS 26483 ROTRON,
Cable: ROTRONIC

TO
QUALITY s

. CONNE CTORS
MULTIWAYS &
MULTI PITCHES

POIPO SWITCH

BT RAJKUMAR ENGINEERS
108, Bajsons Industrial Estate, 40, Chakala Road
Andheri (East) Bombay - 400 099, ph: 6049518
Cable: “ROCKERTEST" Andheri, Bombay - 400 099
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* ASCII representation of ‘Dynalog

0100 0100
0101 1001
0100 1110
0100 0001
0100 1100
0100 1144
0100 0111

Dynalog has grown...

Starting as a manufacturer of 8 bit microprocessor trainer kits in 1982, Dynalog has now grown to be
the only manufacturer in the world to offer sophisticated microprocessor training and development
systems based on almost all the popular and latest microprocessors.

The Dynalog range covers microprocessor training and development systems based on 8085, Z80,
8086, 8088, 6802, 6502, and the latest 16/32 bit CPU 68000. Many other advanced products like
Single Board Computers based on Z80, Universal EPROM programmers, IBM PC/XT compatible
Motherboard and Add-on cards. STD Bus compatible cards, VT 52 compatible CRT Terminals,
Graphica 1185 Colour Graphic Terminals and Data Loggers are also available from Dynalog

For more information, write or call:

5 Dynalog Micro-Systems
DMS :

14, Hanuman Terrace, Tara Temple Lane,
Lamington Road, Bombay 400 007
EEFRSERPEAE !

Tel: 362421, 353029 Telex: 011-75614 SEVK IN  Gram: ELMADEVICE
Branches and representatives at: Pune, Bangalore, New Delhi, Hyderabad and Chandigarh

ADDMark
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EHT TRANSFORMERS
(ALL MAKES)

DEFLECTION YOKE
LINE-DRIVER TRANSFORMER
LINEARITY COIL
TUNER

V.L.F. BOARD
BOOSTER

MAIN TRANSFORMER FOR TV

e & @ o 0 0 o

FOR DETAILS CONTACT

DEFLECTION COMPONENTS
& TUNER

SOLE.DISTRIBUTOR

Oswal Electronic Co

339 LAJPAT RAI MARKET DELHI 110 006 PHONE 2311772

MANUFACTURED BY:

LEADER ELECTRONICS

i

ERASER

A range of Erasable Programmable Read

©Only Memories (EPROMs) like 2708, 2716, etc.
require Ultra Violet Light for erasing them.
Now Professional Electronic Products

offer a compact UV Light Source UVLS-8
which can erase Eight EPROMs at a time

A 0-60 minute timer is provided on the unit
to automatically shut-off the lamp.

For

PROFESS(ONAL ELECTRONIC PRODUCTS

Ocihy Road, Post Box No. 316, MEERUT CITY-250 002

2-10 elektor india fobruary 1986

ALPHA NUMERIC PRINTERS

(DATA LOGGER)

FEATURES SPECIFICATIONS
sed on Single Chip. ® Daw lnput
Microcomputer

o Ui It Sandards® QuiaCode_ ASCH 38 Craracers

& Do ASCi Formar S PintPositon: 20 positions.ine

® Softvare Commands enhance ~ ® Rato Speed : 18 inos/Sec.
Porformance ePower

@ Pane Wountabias wol as v AC * 10%
bench @ Commands : Software based,

o impector Tharmal Prntr LF. MF, et
Mchaism "

o Optonal Graghc aciity n Applications
Thermat printers

Print out of P based systems
Cash Register, Electronic Scales
Data Acquisition Systems,

For Gtats contocr, | MicTo-Computers, Medical Electronics

BB Arun ELECTRONICS PVT. LTD.

e 583354/58162¢ G ARUNEL Tele: 11:5857 EXIM N




MREC Forges Ahead with
PREH of West Germany

MREC have finalised a
technical agreement with
the world famous Bl of
West Germany to assemble
and manufacture Control
Units for colour TVs in India.

Factory : Developed Plots 8 & 11 Industrial Estate, Guindy Madras 600 032
Ph. 432214, 432215, 432768

iﬁ;ﬁ MR.ELECTRONIC COMPONENTS LTD.

Regd. Office : T.N.K. House 48 Anna Salai Madras 600 002 Ph. 840699
Telegram : VOLUME'

Chhaya/MRE/665
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Special Offer:..

We are the leading supplier of
electronic components to the
TV-industry. Available ex-stock
inWest Germany the following
as well as many other

components:
Qty. //Component  Price

(CIFain)

in$
150K TBA 120S 0,26
200K TBA 810AS 0,26
200K TDA 1044 0,80
150K V. 20 048
200K BU 205 (L
100K BU . 208

1000K IN  4148per100 DBB

2-12 eloktor india february 1986

RTV ELECTRONIC
GmbH & Co
PO.B.

D355 Wermelskirchen
Federal Republic of * Gormany
Phone: (02193) 37-

FAX:  (02193) Soo2
Telex: 8513393 rtvd

200K 100+100mfd 0,36
150K 100+100mfd 0,86
150K 200+400mfd 0,86
200V
B&W Picture Tube

100K 20inch 20,40
50K 24inch 24,80

Our selling line also includes:
Flyback sawfilter

VETRIL Electronics (P) Ltd.
SB-111, Industrial Estate
Peenja,

Bangalore -560 058

Phone: 384415

Cable: VETRILCO

Tx: 0845-8328

Bombay:
Messrs. Bakubhai Ambalal
Division: Electronics.

and UHF, VHF tuners, we are
dlso exclsive distrbuto orthe
STOCKO-CO

SYSTEMS, EURGREAN CTV
Chassis and operating units
with and without remote control.

Bldg
3rd Floor

Currimbhoy Road
Bombay-400 038
Cable: EXTENSION
Phone: 260419, 268756
Tix 0115379 ASE IN
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controlled
attenuator

Although Aphex’s Type
1537A voltage-controlled
attenuator has been on

the market for some time,

| it appears that the device

is not generally known. A
pity, because it offers very
low distortion, high stab-
ility, low noise, and a wide
dynamic range. Ifs
attenuation can be con-
trolled precisely from 0 dB
down to —100 dB.

%

[HI” Moreover,
| the 1537A is d
signed for a high
slew rate, resulting
in low transient inter-
modulation and a wide
bandwidth, so that it can
| be used over the fre-
quency range DC fo
50 MHz

The very good perform-
ance characteristics of the
1537A make it suitable for
use in a wide range of
audio applications, such
as voltage-controlled
filters, synthesizers, com-
pressors, and others, as
well as in, for instance,
fone burst generators,
robotics, servo-controlled
machines, and many
other general electronic
applications.

In general, voltage-
controlled attenuators,
which normally use log-
antilog multiplier circuits,
exhibit high non-linear dis-

851381

2 sy
Froquoncy ange: 0,50 Wz
gl i
Torion: o0i% {
Intermociiaton T
(SMPTE: o03% i
‘Signal/noise ratio [+ 18 il "
(peak, CCIR 463} %48 i _ 1af ot e
Moddaton nose: 65 d o
Slew rate: 10 Vips 106 j47x! Y
s irpedores, 08 et o T N > o0
Masimum ateruaton: = % 65 o s 10
@H2. 50k oc 10x b ALLRESISTORS
ofer Ssmi b oot o
Cartent consumpiion: 33 mA at 25 °C e
Note: Us— 415 V; T ambion) 25 °C 3 ¥ Conver vea1537a)
0 dtm-0.775 v Toon 7 ax 0 1o 1o0us
Fig. 1. Pin configuration
and internal circuit layout | |3 e
of the 15374
Fig. 2. A simple practical 1o 1ox
circuit is obtained b 1L
combining the 1537A with B
two additional opamps. R
Fig. 3. This rather more e
elaborate circuit than that A our
in Fig. 2 has an additional i BALS
input buffer. 10f ALL RESISTORS
Yoot ‘o
M
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fortion and high noise. The
1537A uses new pro-
prietary techniques that
result in much lower levels
of these characteristics.
Moreover, since it is a true
class A device, its
crossover distortion is
much lower than that of
most ofher voltage-

Fig. 4. A typical
full implementation
circuit of the 1537A.

Flig. 5a. Voltage-controlled
resistor

Fig. 5b. Voltage-controlled
high-pass filter

Fig. 5c Voltage-controlled
band-stop filter.

Flg. 5d. Suggested auto-
matic gain control circuit.

the 1537A, the circuit
shown in Fig. 4 is
suggested. This uses even
more additional opamps,
and these should be of
the low-noise type, such as
the TL027, LF353, or NES534.
Some typical applications
of the 1537A are shown in

5a

Fig. 5. The voltage-

The 1537A is housed in a
14-pin dual-in-line
package. The pin con-
figuration and internal cir-
cuit are shown in Fig. 1.
Current sources Qi and
Qz, driven by the input
signal, control amplifiers
Qs and Qs. The gain of
these amplifiers is con-
trolled via their base
voltage (since that voltage
controls the transconduc-
tance of the transistors).
The output is buffered by
transistors Q7 and Qe.
Some practical circuits
using the 1537A are shown
in Figures 2, 3, and 4. The
circuit in Fig. 2 is the
simplest, requiring only
two additional opamps. It
is suitable for source im-
pedances up fo about
150 Q. Where the source
impedance is higher, but
does not exceed 2k, the
circuit of Fig. 3 should be
used. This is comparable
fo that of Fig. 2, but has an
additional input buffer.

For optimum utilization of

in
Fig. 5a has a value, 5b
R'=R(1-a), where a is the at-
tenuation of the 1537A

The high-pass filter of

Fig. 5b has a cutoft fre-
quency

fe=(1-a)2rRC

where { s in hertz, and a is
the attenuation of the
device.

The circuit in Fig. 5¢ is a 5c
band-stop filler, whose
centre frequency of the
attenuation band F is

fe=112n/RiR2C1C2 (H2)

Finally, Fig. 5d shows a
suggested automatic gain
confrol (AGC) circuit.

5d
Literature:

1537A voltage-controlled
attenuator

Aphex Systems Limited
7801 Melrose Avenue
Los Angeles

California 90046
Telephone: (213) 685-1411
Telex: 910-321-5762

yournurs
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A full solid-state ignition system has

many advantages over conventional

systems. It will, for instance:

o enable the engine to be started
readily, whether this is cold, wet,

or hot — provided your battery is in

good condition, of course;

o ensure that even a cold or damp
engine continues to run once it

has been started;

o ensure that the spark energy is

d of the

Hans Steeman

Although transistor ignifion has been
available for many years now, there
are still millions of cars that have not
been provided. with the advantages

of a complefe solid-stafte ignition
system. The solid-stafe ignifion
described in this article will give long
and reliable service and will also
extend the useful life of your spark

plugs appreciably.

SOLID-

STATE

IGNITION

engine cylinder via the spark-plug.
The distributor ensures that the high
tension is applied to only one
cylinder at a time. The distributor is
driven by the engine at half engine
speed.
In the solid-state ignition system the
function of the contact breaker
points is transferred to a transistor
switch: the points merely serve to
trigger the transistor. Because of the
i reduction

in current flowing across the points,
these become virtually free of wear.
The timing diagrams in Fig. 2 show
the differences between the ignition
pulses generated in the two systems.
When the points in the coil ignition
system are closed, no current flows
through the primary of the coil. Note
the overshoot and ringing occurring
at the secondary immediately after
the points have closed. These
are caused by stray

constant anc
engine speed;
o considerably reduce carbon

deposit on the spark-plug elec-
trodes, thus allowing longer intervals
between cleaning and replacement
of the plugs.

A comparision

Fig. 1 shows a conventional coil ig-
nition system as used in most petrol
engines. The contact breaker points
are controlled by the distributor
cam: when they open, the current
flowing through the primary winding
of the coil is interrupted, which
causes a high potential to be in-
duced across the secondary wind-
ing. This voltage is high enough (10
to 15KV) to ignite the compressed
charge of air and petrol vapour in the




1a

85128-1a

3
‘.
i
I
|

7 85128-1b

=
: S
‘
|
\
|
‘
1B 3
/s A /
50 0 100 \ U r’m 0
1 [
|
:
:
o |
‘
‘
‘ !
!
L e
' - rw-]/
L 100°% 50 R |
1 points open 1 ignition period starts;
2 ignition voltage! A points open period transistor switched off
3 firing voltage B points closed period 2 sparking voltage; zener
4 peak secondary voltage a spark duration oltags;
5 firing voltage level b points open period 3 transistor switches on
6 points close € points closed period 4 peak secondary voltage 85128-2

Fig. 1. Conven
tional coil-ignition
system for petrol
engines.

Fig. 2 Timing
diagrams of coil
ignition (lefy) and
solid-state igr
nition (right)
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N3=%IC1 = 4003
N4 . N9 = IC2 = 4069
- MMV2 = IC3 = 4538

Fig. 3. The cir-
cuit diagram of
the solid-state ig-
nition system.

capacitance and inductance which,
since the coil is not replaced, also
occur in the solid-state system.
When the points are open, ie., at the
moment the high tension is induced,
the two systems behave in an unlike
manner. A voltage similar to the
peak secondary voltage just before
the sparkplug fires — 4 in both
diagrams — exists across the primary
winding and dies out only after ig-
nition has taken place.

Once the required level of high ten-
sion is reached, the air gap in the
sparking plug becomes conductive,
and a spark jumps across the gap.
Therefore, during the actual ignition,
the full secondary voltage exists
across the plug electrodes. At the
primary side in the solid-state
system, there is o longer the
characteristic overshoot and ringing
of the coil system. The energy in the
secondary winding declines until it
is no longer sufficient to sustain the
spark, and this then dies out.

Circuit description
The voltage pulses provided by the
contact breaker are reshaped by
Schmitt trigger N1 — see Fig.3 —
and then  applied to monostable
MMVi. This stage has been ar-
ranged such that it provides pulses

of about 1.8 ms at its Q output (pin 6).

2-20 etexior india february 1986

This corresponds exactly to the re-
quired spark duration.

In a fourstroke, four-cylinder petrol
engine, each cylinder is ignited at
every second engine revolution.
Since the four cylinders must each
fire at reqular intervals, two sparks
are required for each engine revol-
ution. This means that at an engine
speed of 6000 rev/min the interval
between two spatks is 5 ms. As the
spark duration is 18 ms, the coil has
32ms to restore its energy. This

period is, of course, longer at lower
engine speeds.

Monostable MMV is triggered at its
TR input (pin 4) every time it pro-
vides a pulse at its Q output. This
pulse is applied via NAND Schmitt
triggers N: and Nz to parallel-
connected inverters Ni to Ns that
drive the power output stages.

For safety, the output stages TiTz
and TsT, have been duplicated and
then connected in parallel. Diodes
Ds and Ds and zeners Dz to Do pro-




tect the power stages from negative
pulses and over-voltages.

Morostable MMV is triggered by
the output pulses of MMV: and
generates for each of these a pulse
of about 0.5 s at its Q output (pin 10).
The duration of this pulse is deter-
mined by the time constant Re-Ca.
The pulse ensures that gate Nz re-
mains open to accept control pulses.
When the engine stops, the contact
breaker no longer provides control
pulses, and the gate closes after

055. This ensures that the ignition
coil cannot bum out when the
engine is not running. In that con-
dition, parallel-connected resistors
Ri and Re allow a current of about
250mA to prevent the contact
breaker points from corroding.

Consfruction

When the printed-circuit board —
see Fig.4 — which is available

through our Readers’ services, is
used, o construction problems are
envisage

Collector resistors Riz and Ris get
quite hot and must, therefore, be
glued onto the inside of the lid of the
metal case.

The remainder of the construction
should broadly follow the lines
suggested in Fig. . If you cannot get
a cast enclosure, fit the power tran-
sistors on suitable heat sinks. Do not
skimp on the heat conducting paste!
Before the ignition is fitted into the
vehicle, it should be checked with
an ohmmeter to make absolutely cer-
tain that it is free of short-circuits.
Bs shown in Fig. 5, one of the sides
of the enclosure should be provided
with four insulated car+type male ter-
minals onto which the interconnec-
ting cables are push-itted by means
of mating receptacles. These male
and female connectors are available
from most motorists' shops. It is ad-
visable to fit the receptacles with in-
sulating sleeves.

The case should be fitted under the
bonnet in a position where it is
reasonably well protected from
water ingress.

1t should normally not be necessary
to alter the ignition timing. This
timing can be checked roughly with
the aid of diode Ds, which should
light when the points are closed.
However, if in any doubt, the timing

Fig. 4. The
printed-circuit
board for the
solid-state ig-
nition system.

Parts list

Resistors:
RiR2=100 25 W
R3=680 Q
Ra=47k

Rs=56 k

Re=1M
R7Rs=220 Q
Ro=1Q5W
RIR11=82Q
RizR13=47 95 W

Capacitors:

C4=220 16 V
C5=220 5V
Co=4.7 630 V
Cr=100n

Semiconductors:
D1;D2,04;D11 = IN40OT
D3=LED; red

Ds;Ds = N

D7 to Dio=zener diode
200 V;1 W

T1;T3= BD437
T2;Ta=BUXB0
1C1=4093

1C2=4069

1C3-4538

Miscellaneous:
Heat sinks for two T03
transistors; not
required if a die-cast
aluminium box is used
Insulating plates —
preferably Teflon — for
mounting the power
transistors

2.5 mm stranded wire
as required

4 car-type male
terminals and mating
receptacies for fitting
with M3 size self-
tapping screws

four insulating bushes
for use with M3 size
screws
metal
cast
120%95 30 mm; if a
die-cast case cannot
be obtained, use thick
aluminium sheet

PCB 85128

preferably die

elektor india february 1986 2-21



k.

icted anc

stru
housed.

2-22 ctektor india february 1986

5. Artist’s im-

should be checked properly with a
stroboscope with the engine turning
over at constant speed.

In some cars, a resistor is connected
in series with the ignition coil. This
resistor, which is shorted out when
the engine is started, must not be
removed. Apart from the connection
to terminal 1 of the coi, ie, that to
the contact breaker, all wiring in the
car remains as before. If the car is fit-
ted with a revolution counter, this
should remain connected to texminal
1 of the ignition cbil ]

FINALLY A WARNING: WHEN THE
ENGINE IS RUNNING, DO NOT UNDER
ANY CIRCUMSTANCES TOUCH THE
TERMINALS OR COMPONENTS OF THE
IGNITION SYSTEM, BECAUSE THE HIGH
TENSION PRESENT AT VARIOUS PLACES
MAY BE FATAL.




INFRA-RED
LIGHT SWITCH

Anyone who has ever fried fo switch the light on when
enfering a dark room with both hands full will appreciate
1this light swifch. It operates automatically upon being
triggered by your body heat

The idea behind this infra-red con-
trolled light switch is quite simple.
The body heat — which occupies the
electromagnetic spectrum between
light and radio waves, ie. 074 to
300 um — is picked up by a sensitive
Fresnel lens. This lens, which has at
its focus a double differential
pyroelectric sensor, IRy, is largely
unaffected by other electrical radi-
ation. The area served by the light

switch is divided into a number of
zones as illustrated in Fig. 1. When
someone moves from one zone into
another, there is a change of tem-
perature, which is collected by the
lens as a variation in electromagnetic
energy. The sensor reacts to this
change by generating a small elec-
tric signal. That signal is processed
and used to operate the light switch.
Instead of a Fresnel lens, it is also

1

50 100
rlative sonstivty (%)

possible to use a simple home-made
lens. More about this under Con-
struction.

The circuit is suitable for operating
lamps rated at up to 150 W. Depend-
ing on the setting of the presets, the
light(s) will stay on for periods vary-
ing from 5 seconds to 7 minutes. If
the light is required to stay on, the
normal switch should be used, or an
additional on-off switch provided in
parallel with D:. The latter switch
should be rated at 240 V. The last
solution i, in any case, to be adopted
if the infrated switch replaces the
original light switch in the wall-
mounted box.

An additional facility is the automatic
brightness control which prevents
sensor signals being processed as
long as there is sufficient daylight in
the room.

Circuit description
The signal provided by the sensor is
so small that it must first be
amplified. This is done in As and Az,
which together provide a gain of
47dB. The input amplifier is pre-
ceded by an RC filter, which re-
moves any low frequency compo-
nents. Moreover, A: and A: function
as an active band-pass filter with a
bandwidth of 1.5 MHz to 15 MHz.

Opamp As is arranged as a compara-
tor. The reference voltage is applied
to the non-inverting input, pin 10, via
divider Rs-R«. As soon as the poten-
tial at the inverting input becomes
smaller than the reference voltage,
for instance, when the sensor has
been triggered, the opamp toggles,
its output — pin 8 — goes high, and
capacitor Cs charges quickly. Com-
parator A« then toggles, which
causes T2 to switch on. Capacitor Cs
discharges slowly through Pi and
Rio, and when the potential at the in-

by
Peter Theunissen

Fig. 1. This
illustrates the
division of a
space into zones
by a Fresnel or
a home-made
lens

Fig. 2. Typical
field-of-view
diagram in the
x-x plane of
dual-element
sensor Type
RPY97.
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RPY 97 TIL81  TIC206D .
LHI95a  BP103

Parts list

Resistors:

ER900
BR10003

IR1=RPY97, 10k
IR1 = LHI 954, n1 - 220

P1=10 M preset for
vertical mounting on
PCB

P2=250 k preset for
vertical mounting on
PCB.

Capacitors:
C1= 10 4410 V:tantalum
C5CaCe=10V:
tantalum

Ca;Cs = dn7;ceramic

Co=47 ;16 V
C10=10 ;100 V |
ER900 or BR100-3
T2=BC546
IC1=LM324
100 uH;
IR1 =RPY97*

Fresnel lens Type

Infra-red translucent
window material;
100100 mm*

F1= miniature fuse; 1 A

Fuse carrier for PCB
mounting
Two-way spring-loaded
terminal strip for PCB

ing
PCB 86006; 63 mm dia

*Available from
Chartland Electronics

Surrey
Telephone: (037 284) Flig. 4. The printed-circuit board for the infra-red light sw
READERS SERVICES.

itch Is available through our

553
Telex: 263578 (chking g)
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86006-5

verting input of A« rises above the
level of the reference voltage, the
comparator toggles again, and Tz is
switched off.
The length of time the light remains
switched on depends on the time-
constant PrRio-Cs.
When T is switched off, one ter-
minal of Cro is open-circuited, and
nothing will happen, because the
triac gets insufficient gate current.
As soon as T: is on, however, C1o is
connected to earth and begins to
charge. After a short while, the
voltage across it is_sufficient to
switch on diac Ds. Capacitor Cio
then discharges via the diac and the
gate of Tris, which causes the triac to
conduct. The potential across Tris is,
therefore, shaped as shown in Fig. 6,
and is reminiscent of that produced
dimmer switch. The
resemblance does not end there,
because, just as in the case of dim-
mer control, the lamp never gets the
full mains voltage. This is in any case
necessary to ensure that the circuit
gets sufficient power.
If the room in which the switch is in-
stalled is open to daylight, it would,
of course, be nonsense to have the
light switched on every time some-
one moved across the field of the
sensor during the day. This is,
therefore, prevented by the auto-
matic brightness switch. This con-
sists of phototransistor Ti and
potentiometer Pz with which the sen-
sitivity of the circuit is set. When a
certain amount of light falls onto T, it
conducts, which results in a larger
potential at the inverting input of As
than at the non-inverting input. The
comparator output then remains low,
which prevents T: from conducting,
so that the triac cannot fire. Note that
a higher resistance of P: cor-
responds to a higher sensitivity of
the circuit and that, therefore, even a
small amount of incident light may
prevent the triac from switching on.
If the brightness control is not re-
quired, merely omit T+ and replace
Ps by a wire link.
The remainder of the circuit forms a
simple power supply that is stabil-
ized by zener diodes Ds and Ds

Choke Lr and capacitor Cr prevent
switching pulses generated by the
triac from reaching the mains supply.

Construction

The circuit is best constructed on
the PCB shown in Fig. 4, since this
has been designed for fitting into a
round electrical junction box. It may
be necessary to file the edges of the
board to make it fit snugly into the
box. Be careful, however, not to take
too much off, particularly around C7
and Cs.

The sensor may be fitted well away
from the circuit, in which case a
simple cable is needed to connect
the two. Alternatively, it may be fitted
onto the PCB, in which case the en-
tire unit should, of course, be in-
stalled in a suitable position as
suggested in Fig. 1.

The sensor or the entire unit,
whichever construction is chosen, is
best placed at a height of about 2 m
(6ft 6 in) at a downward angle of
about 14° from the vertical in such a
position that the door opening is
fully covered. It should not be
placed in direct sunlight, nor above
heating appliances: Note that the
unit is not really suitable for use in
the open.

As stated earlier, the sensor may be
fitted behind a proper Fresnel lens
or a home-made one as shown in
Fig. 5. A Fresnel lens is composed of
a number of smaller lenses so ar-
ranged that they give a very short
focal length. Such lenses are used in
headlights, camera viewfinders, and
spotlights, to name but a few. If you
opt for a home-made lens, this is best
constructed from some flexible card-
board into which a number of
longitudinal slits are cut as shown in
Fig. 5. These apertures should then
be covered with clingfilm or similar
foil. The reason for this is that the
sensor should be open to infra-red
light, but not to draughts or similar
air currents. As the lens is bent into a
semicircle, the open sides should
also be made airtight.

Finally

When planning the installation, bear
in mind that the sensitivity of the
sensor is greatest for movements in
parallel with it, and least for
movements towards it. The sensi-
tivity is greatly enhanced when a
Fresnel lens is used. Further infor-
mation on this, as well as on the
sensor, may be round in the July 1985
issue of Elektor In
WARNING. Remember to switch off
the mains when working on the PCB
and when wiring the switch into the
domestic light system. Remember
that touching the mains can be fatall
[l

|6

86006-M

Fig. 5. Suggested
construction of @
cardboard lens.
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car electronics
now and in the future

After we reported some
five years ago that the
motor industry was rather
slow in adopting micro-
electronics, there has
been a drastic reversal of
this negative attitude. In-
deed, most manufacturers,
of cars as well as compo-
nents, now reckon that
without microelectronics
the future of the industry
would be pretty bleak. This
is because they cannot
see their way of meeting
the requirements of the
future by pure mechanical
changes. These require-
ments involve reliability,
efficiency, fuel consump-
tion, performance, and
comfort, among others. It
is, therefore, not surprising
that vast sums have been
invested in research and

equipment just was not
capable of operating
reliably under the bonnet.
It could, for instance, not
cope with femperatures
varying from —40 °C to
+150 °C; vibrations up fo
200 g; salt spray; dust;
sand; oil; and petrol. But
all this is history now, and
it is true fo say that prop-
erly engineered electronic
units are at least as
reliable as mechanical
car parts — and they are
just as robust.

It has been estimated that
the motor industry in this
country will fit some £200
million worth of electronic
controls and sensors in
cars this year.

None the less, some prob-
lems remain. Even elec-
tronic systems can fail

P
in the field of micro-
processors.

In the early years it was
found that electronic
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When they
do, the breakdown should
not present a safety
hazard. Preferably, the car
should be able fo con-

tinue in spife of such
failures. Because of this
sort of consideration, it is
becoming more and more
important that the more
complex electronic unifs
are provided with an auto-
diagnostic facility.

The most important areas
of research and develop-
ment are concerned with
electronic petrol injection
and ignition systems; elec-
fronic diesel fuel injection;
and electronic catalysers.
It is interesting to note that
these are all concerned
with energy consumption
and air pollution. There is
also much development
going on fo refine the anti-
lock braking system (ABS),
a safety device so import-
ant that it surely should be
fitted to all new cars
within the next five years.
Last but not least, there is
the research info elec-
fronic gravity sensors for
the control of airbags and

safely belts. A pictorial
summary of these and
many other aspects is
given in Fig.1

Fuel injection
system with
lambda probe

An inferesting develop-
ment by Bosch, particu-
larly for small cars, is the
Mono Jetronic injection
system. In this, the required
petrol-air mixture is deter-
mined from the position of
the throttle valve, and the
engine speed. This simple,
but economical, method
of engine control is op-
timized by an electronic
circuit. Deviations from the
correct mixture are
detected and quickly cor-
rected. The error signal is
provided by the lambda
probe. This system has
been in use for some fime




injection system. (Courtesy

of Bosch)

Flg. & Mono-Jetronic fuel

va
%
S8
53
0wl
8%
)
g8
O 5
53R
~Q
S
<8

A Under development

Electronic steering

Injection valve
Temperature sensor

Pressure regulator

Fuel filter

Electronic fusl pump

Thermostat_

Lambda probe

\/ Distributor
Y

elektor india february 1986 2-27




now and has proved ifself
fo be both accurate and
reliable. Bosch has recent-
ly introduced a heated
lambda probe, which, it is
claimed, has a very long
life, and provides en-
hanced accuracy at low

3
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exhaust gas
earlier switch-on of the
system affer the engine
has been started; and im-
proved reliability in diffi-
cult installations.

Nofe that a catalytic con-
verter can only work effi-
ciently if the airfuel
mixture is finely tuned: it
must be close to what is
known as the stoichio-
metric ratio, ie, 14.7 parls
air o one part fuel. It is
clear that the converter
works at an optimum in
conjunction with an elec-
tronic fuel injection system:
some 90 per cent of the
three main pollutants pres-
ent in the exhaust gases
can then be converted.

Battery tem-
perature sensor

Alternators and generators
in cars are generally pro-
vided with a temperature
compensation control,
which ensures that the
charging rate is higher
when the battery is cold
than when it is warm. This
control will, however, only
work satisfactorily if its tem-
perature is equal o that of
the battery.

A temperature sensor s,
therefore, fitted to the bat-
tery case, and connected
fo the compensation con-
trol unit via a two-way
cable. In this way, the opti-
mum charging voltage is
sef by the compensation
regulator.

Trials have shown that this
type of control can im-
prove the state of charge
in winter and in fown traf-
fic by more than thirty per
cent. With the battery
maintained in this way, the.
engine will, therefore, fire
much more readily —
even at subzero fem-
peratures.

Antfi-lock
braking system
The anti-lock braking
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system, ABS, was originally
developed for aircraft, but
is now, in modified form,
fitted fo a number of stan-
dard production cars. The
principle of its operation is
shown in Fig. 4. Sensors at:
tached fo the hub of each
wheel monitor the number
of wheel revolutions. When
the brakes are applied
and the wheels fend to
lock, electronic circuits
controlled by the sensors
operate an hydraulic
brake pressure solenoid,

| which reduces the brake

pressure o a level at
which the wheel shows no
tendency to lock. Since
the system works in-
dependently on each
wheel, optimum braking
— for the circumstances —
is achieved. As the wheels
do not lock, the danger of
skidding is reduced sub-
stantially. Many millions of
hours of driving cars
equipped with this system
have shown that under all
conditions the braking
distance is shortened ap-

defected, the ABS is
disabled, and the normal
braking system takes over:
the driver is given an indi-
cation of this.

Anti-slip
regulator

The anti-slip regulator —
ASR — prevents the driven
wheels from running on in
slippery conditions when
the engine moment is re-
duced in a controlled
manner, independent of
how much throtfle the
driver gives. This makes it
necessary for the usual
mechanical linkage be-
tween the accelerator
pedal and the throttie
valve fo be replaced by
an electronic link. The ASR
can operate in conjunc-
tion with the ABS in two
versions as shown in Fig. 6.

ASR with throttle and
brake confrol

In this version — see
Fig. 5a — the combined

Flg. 3 Comparison be
tween cold and heated
lambda probes. (Courtesy.
of Bosch)

wheel fends to run on, this
is braked by the ABS in
addition fo the throttle re-
duction. This sort of combi-
nation is, in @ practical
sense, an electronically
controlled limited-slip
differential. The ABS
hydraulics may have fo be
extended with an hydraulic
memory, but this is not
necessary if the ABS is fac-
fory fitted integrally with
the normal braking system.

ASR with throttle and
ignition confrol
In this version — see
Fig. 5b — the hydraulics of
the ABS need not be
modified, and do not af-
fect the ASR. Only the ABS
electronics are extended
with the ASR parts. To re-
duce the reaction fime
when the engine moment
is reduced, the ignition
and fuel injection seftings
are alfered by the elec-
fronic accelerator at the
same time as the throtfle
valve setting. This system
does, however, need a
limited-sii

preciably with
that of cars not so
equipped. The security of
the system has also been
taken care of. When the
engine is started, the en-
tire system is checked,
and all of its components
are constantly monitored
while the engine is run-
ning. If an error is

by the signals provided by
the hub sensors. If the
driven wheels fend fo run
on, the throttle valves are
closed a little by the con-
rol unit of the electronic
throtle.link, thereby reduc-
ing the engine moment. If,
because of different road
track conditions, only one

differential for safe perfor-
mance under treacherous
road conditions.

For the future:
RIN

Philips Research Labora-
fories have for some time
been working on an elec-




romtaxe

tronic co-pilot for cars,
which can plan the route,
guides the driver to this
destination, knows the pos-
ifion of the car and can
specify it at any moment,
and can also provide a
number of details about
the environment or the
desfination of the journey.
This co-pilot has been
given the name CARIN:
CAR Information and Navi-
gation.

In later phases of the pro-
ject, CARIN will be infe-
grated with dashboard
functions. Spoken warnings
can then be given if the
car needs to be filled with
petrol or oil, if the tem-
perature goes too high, or
if there are battery prob-
lems. The system could
also be linked fo traffic
warnings over the car
radio. This might be done
by means of the Radio
Data System (RDS) which is
now the subject of stan-
dardization discussions on
the European level, while
RDS test broadcasts are
already taking place in
this country as well as, for
example, in France,
Sermany, and Sweden.
The coupling of CARIN to
RDS, for example, would
make it possible fo plan
alternative routes o avoid
traffic queues, road works
or icy patches, and to
modify the gui pro-

vided accordingly. The
digital RDS signals are ac-
cessible to the on-board
computer and do not in-
terrupt or interfere with the
normal radio programme.
Traffic research in this
country has shown that
drivers could plan their
routes

themselves by familiar
landmarks. Fuel costs and
driving fime are included
in the calculation. With
CARIN one could always
reach one's destination in
the most efficient manner
possible.

Basic

Fig. 4. Anti-lock braking
system.

Fig. 8a. ABS/ASR

controlling brakes and
throtile valve. (Courtesy of
0sc)

Fig. 5b. ABS/ASR

twenty per cent more
efficiently on average if
they did not merely guide

The basic configuration of
CARIN is shown in Fig. 7.
Parts of the system are:

brakes, throttle
valve, and ignition.
(Courtesy of Bosch)

5a

(1) ABS & ASR electronics
(2) ABS & ASR hydraulics

(3) Etectronic accelerator

(@) Wheel speed sensor

5b

(1) ABS & ASR electronics
(@ ABS hydraulics
(@) Etectronic accslerator

(@ Wheel speed sensor
(B) Limited:sip differential

(B) Etectronic ignition and fuel injection
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A modified compact

disc unit for the car
which could not only play
audio discs, but also read
road information stored on
compact discs, for
example a complete road
map of the UK, of a fown,
efc.

« A navigation system
which defermines the
current position of the car,
« An on-board computer
which carries out all

processing
« Sensors which provide
data about the func-
tioning of the car to the
computer, for example the
temperature of the cool-
ing water, the amount of
petrol available efc.
* A car radio 1o receive
traffic information or
warnings.
« Communication and
control equipment con-
sisting of a speech
module with which, via
speech-synthesis chip, in-
formation could be given
to the user, a screen for
visual information — for
example a road map —
and a keyboard with
which the driver can feed
information or instructions
fo the computer. Here is a
brief review of a number
of these system com-
ponents.

Large reliable storage
capacit

A Compact Disc (CD) was
originally infended o store
1 hour of music. This
means that for 3600
seconds analogue signals
are sampled 44.1 thou-
sand fimes a second (that
is the standard frequency)
in two channels (stereo)
and recorded on the disc
at 16 bits per sample. The
disc therefore has a ca-
pacity of:

3600x2x44.1x1000x16 bits
=5x10°9 bits (5 Gbit).

This makes available a
gigantic ROM (Read Only
Memory) which is very
rapidly accessible at any
point and on which, for
example, a complete road
map of the UK plus all
sorts of travel information
could be stored.

This idea of an electronic
digital road atlas is being
2-30 etekor incia fobruary 1986

elaborated further. The CD
system had fo be modified
for its CD-ROM function by
extending ifs error correc-
tion capacity, so that less
than 1 bit error in 10'% bits
might reasonably be ex-
pected for chance errors
on an undamaged disc.
That is a factor of a million
better than computer
tape. In other words, even
a scratched or con-
taminated disc is more
reliable than a computer

tape.

The inclusion of an ad-
ditional fault-correcting
algorithm does cost some
storage capacity, because
extra information must be
stored to remedy errors.
This is something like sen-
ding an important
message twice fo make
quite certain that it
reaches its destination.

By cunning selection of
the error-correcting
algorithm only 6x10¢ bits
are lost instead of half the
storage capacity, so that
4.4x10° bits remain
available. However, if the
playing time of the CD-
ROM is increased fo 66
minutes, as is infended, it
will hold 4.8x10° bits which
corresponds fo 6x10° bytes.

Economic codin
The digital cartographer is
confronted with the task of

lines which are spaced
say, 0.4 mm apart. The
map is thus divided info
tiny squares of
0.1x0.4=0.01 mm2, each of
a specific colour. In this
way an area of land
12x14 km (approximately
the area of Oxford) on a
scale of 1:15 000 would re-
quire 75 million picture
elements. These would
have to be indicated in
colour. Since 5 bis repre-
sent 25=32 colours, 75
millionx5=375 million bits
are required. That is
almost 8 per cent of the
capacity of the CD-ROM.
In addition, this method
would not make it clear fo
the computer where the
roads were located on the
map.
For this reason another
solution has been sought.
The method chosen is one
of representing the roads
— which is what it is really
all about — with the help
of angle points and node
points. A dead-straight
road without side streets
has only two of these
points, one at each end. A
bending road is approxi-
mated by straight sections
with angle points at infer-
vals. An intersection is a
node point. Thirtytwo bits
are needed for each
point, ie 16 for the x co-
ordinate and 16 for the y
dinat

g
to the CD a normal map
with @ scale of eg. 1:15 000
and containing about 30
colours.

An accepted method of
scanning a map point by
point makes use of a grid

of horizontal and vertical

The area of land and in-
land water that can be
handled with such a
coding can be
calculated as follows. Six-
teen bits give 21=65 000
possibilities (approx). If
mainland Britain be div-

Fig. 6 CARIN in action
The keyboard will In future
be replaced by a touch
screen. (Philips Press
Photograph)

Flig. 7. Constituent parts of
the CARIN system.
(Courtesy of Philips)

Fig. 8 How CARIN works
on the road. (Courtesy of
Philips)

ided info two squares of
650000 m by 650000 m
(roughly 400 miles by

400 miles), any position
within each square, ac-
curate to within 10 metres,
can then be represented
by 2x16 bis (two times
65000 possibilities).

An absolutely straight
road, as stated, can be in-
dicated by only 2 points. A
ring road, such as the M25
around London, needs
about 4000 points, how-
ever, fo be described
properly. The average
road in British towns can
be described by 12 points,
each of which requires

32 bits. The tofal is thus
12x32=384 bits on average
per road. To this must be
added an address of

32 bits to indicate where
the additional information
associated with these
points (eg. the street
name) is located on the
disc. Since names (High
Street, Station Road) are
preferable fo degrees of
latitude and longitude, the
relationship between the
street names and co-
ordinates must be re-
corded, and that takes
memory capacity.

The average street re-
quires, as seen above,
384+32=416 bits. If a fown
contains, say, 3000 streets,
3000x416=1.25 million bits
are needed. Adding a
similar number of bits for
the coding of the street
names gives a fofal of 25
million bifs or about 0.05
per cent of the CD-ROM
capacity. That is a great
deal more economical
than the 8 per cent ob-




B ¢irection according to digital road map
E= measured direction

[ ] correction

tained with the first
method

These considerations, of
course, only indicate the
order of magnitude. If
more information is fo be
stored, or greater accu-
racy attained, more
storage space is required.

Defining position
The CARIN system must be
able fo define the position
of the car at any moment,
for which various different
technical methods are
possible. An obvious
answer in the short term is
an electronic compass.
With the help of such a
compass, the direction of
motion of the vehicle rela-
tive fo the earth's mag-
netic field can be estab-
lished.

With this information, and
knowing the distance
which the car fravels from
the odometer, the on-
board computer can
determine the position of
the car. It is also able fo
correct errors caused by
such things as passing
cars or bridges made of
reinforced concrete. The
mass of iron causes an
additional magnetic field
which is registered by the
car compass. The on-
board computer corrects
these errors by regularly
comparing the infor-
mation with the digital
road map. If the calcu-
lated position is away
from the road which the
car should be following
according o the map, an
automatic correction is
made (Fig. 8). Other
solutions are being in-

vestigated for ihe short

term fo avoid the problem
| of disruption of the earth's
magnetic field by iron
objects.

Satellite navigation

In the longer ferm, safellite
navigation will be poss-
ible, g, with the help of
the American NAVSTAR
Global Positioning System
(GPS) which will be com-
pleted at the end of 1988
with 18 satellites in space.
The civilian part of this
system will make it poss-
ible fo define a position at
any moment of the day
and at any point on the
earth with an accuracy of
about 10 metres. The
satellites are located
about 20000 kilometres
high in 6 different orbits
which are distributed
regularly around the
earth. The orbifing period
is 12 hours. Therefore, at
any moment 4 satellites
will be able o be re-
ceived at any point on the
earth. That s sufficient fo
determine longitude,
latitude, height, and fime
(with the accuracy of an
atomic clock).

At present, 5 fest satellites
have already been
brought info orbit and it is
expected that at the end
of 1987 there will be 12,
sufficient for latitude,
longitude, and determina-
tion of the fime.

Confact with the driver

In the design of the CARIN
system much attention has
been paid 1o ergonomics,
which includes ease of
use and traffic safety.

Thus, if is preferable in fraf-
fic that the computer
gives ifs advice and infor-
mation by means of the
spoken word. The speech
synthesis chip provides the
means of doing this.
Another precaution is that
the screen can only be
consulted when the car is
standing still. It will then
be possible fo look at the
map, for example, or ask
for fourist information.

It has already been indi-
cated that the system can
accept normal names for
destinations, such as

The Regency, Sea Road,
Brighton, 5o that it is not
necessary fo struggle to
speciy the destination in
degrees, minutes, and
seconds. At the same fime,
the system tries to discover
what the user wants with
the help of simple
questions.

For example, the foliowing
situation might occur: the
user wants fo fravel from
Gloucester fo the Manor
Hotel in Cheltenham. He
gefs info his car and in-

serts the CD-ROM which in-

cludes Gloucester and
Cheltenham into his CD
player. After starting up
the system the following
appears on the screen
WELCOME 1O CARIN
SELECT THE DESIRED
FUNCIION:

1. ROUTE INDICATION

2. TOURIST INFORMATION
3. OTHER FUNCTIONS
The diriver then keys in "
The system replies:
PLEASE INDICATE YOUR
STARTING POINT: (The diriver
types in the street name
and the closest infersec-

tion point)
PLEASE INDICATE YOUR
DESTINATION:

TOWN? (The driver types in
“Cheltenham’).

STREET OR DESTINATION?
(The driver types in "Manor
Hotel”)

The computer then selects
the best route and stores it
in its memory. If the driver
desires he can now
remove the CD-ROM from
the player and put in a
music disc.

After the car has started,
CARIN will guide the
driver to his destination
using the speech module
In the future the keyboard
will be replaced by a
touch screen. It will then
be possible fo indicate
where one wants fo go on
amap, or find and indi-
cate a street name
alphabetically, after which
the on-board computer
does the rest.

CARIN is no dream of the
future but a technical
reality fo which Philips is
giving delailed form. o
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by P Lavigne &
D Meyer

After last month’s article on the construction of the
graphics card, this fifth part in the series deals with the
soffware, necessary for efficient operation of GDP and
associated circuifs on the board.

HIGH-RESOLUTION
COIL{gUR GRAPHICS
RD -5

The graphics control program,
further on referred to as 'video inter-
preter’, consists of a litle less than
4Kbytes of 6502 machine code
located in host computer memory.
To understand the use of the
available video commands, it is
useful o have datacards 116, 117 and
118 to hand for reference. The colour
extension as promised in the
preceding article in this series will
be featured in next month's issue. For
now, the present video interpreter
already supports all commands for
use with the colour extension, 50 1o
software patching is required once
this extension is put together.

Video and/or
graphics terminal

The video interpreter allows the
graphics card to function either as
text or graphics terminal, or both at
the same time. In the case of text
mode, the screen is organized as 32
lines and 80 columns, whereas the
graphics mode divides the screen in
512x256 or 512x512 pixels with 16
selectable colours. In the case of a
text/graphics combination, a for-
merly connected separate terminal
(VDU card, Elekterminal) is no
longer needed

Switching between textand graphics
mode involves no hardware what-
soever; the video interpreter takes
over this task with a set of dedicated
subroutines. Furthermore, the inter-
preter is easily linked to the BASIC
already available for the 6502-based
host computer.

For ease of understanding, it is con-
venient to conceive of the present
video interpreter as a printer; it
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receives codes, either to

understood  as alphanumeric
characters or as graphic commands,
and subsequently executes the
necessary operations to make the
relevant character or combination of
lines and points visible on the
screen. For this purpose, the inter-
preter issues the necessary com-
mands to GDP and some auxiliary
registers on the graphics card. The
essential difference, however, be-

tween the interpreter and a printer is
the fact that the former uses the
host's microprocessor for instruction
execution, whereas the latter relies
on its internal processor for this

purpose.

After initialization, the interpreter
always switches to text mode,
because only this mode allows enter-
ing and reading system data before a
graphics program, if any, can be
started at all.
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In the text mode, then, a screen is
normally filled from the top left-hand
corer (home position) onwards, just
as with standard video or printer ter-
minals. All standard cursor controls
such as CR (carriage retum), LF (line
feed), and BS (back space) are
available and take full account of the
current character size. Thus, when a
double character size has been set,
the LF, for instance, will also have
‘double size"

Screen organization in the graphics
mode starts at the bottom lefthand
comer (origin, X=Y=0). Contrary to
the text mode, terms like pen
destination, pixel, and segment are
used rather than rows and colurns.
The graphics mode has two possible
types of access:

come evident from the discussion of
the graphics mode commands
further on in this article, the letter A
in the work BREAK has been chosen
for this purpose.

Host 1O
diistribution

Although text and graphics mode
use quite different commands and
screen layouts, it is certainly poss-
ible to have both interact to create,
for instance, an inverse overlay text
anywhere on a nice background
design.

As the graphics card is also suitable
for use as an ic terminal,

and
provisional. Instantaneous ~access
implies leaving the text mode for
good, whereas provisional access
allows interpretation and execution
of all possible graphics commands
until a closing CR sign is en-
countered which will put the system
back into the text mode.

Bs stated before, the dominant mode
is text. This will be obvious, con-
sidering that the text mode is auto-
matically selected after a graphics
program is_interrupted with the
BREAK key. When BASIC generates
the message BREAK IN LINE x, the
video interpreter must be signalled
to switch to text mode. As will be-

the video interpreter has an input
routine for reception of characters
entered via the host keyboard. This
leads to the following functional
distinctions to be made for the video
interpreter:

o visual representation of ASCII
codes on screen with 32 lines and

80 columns;

o reception of keyboard-generated
ASCII codes and relevant move-

ment of a blinking cursor (blink rate

is programmable);

edot by dot control of the
graphics screen, as defined by

specific instructions.

24

HOST SYSTEM

/0 DISTRIBUTOR

weuT
doviees

outrur
dovicas

The first two tasks typically belong to
the text mode, the third to the
graphics mode. The tasks may be
mixed freely, as they function quite
independently of one another.
Basically speaking, the interpreter
will look like a super printing routine
called CHROUT (character output). It
receives all ASCII codes directed to
the graphics card and fuly
autonomously puts alphanumeric
characters in the relevant screen
locations (text mode), or executes
the given graphics command
(Fig.23).

A character read routine, CHRINP
(character input), has been provided
for in the video interpreter, in case
the graphics card is used as a ter-
minal with the host computer. This
would only require modification of
input and output vectors in the host
computer to make it communicate
with the graphics card through the
video interpreter. To implement this
configuration, it would be ideal to
program an 1/O distributor routine
containing all relevant system 1/O
addresses in their order of priority —
Fig. 24.

The interpreter itself would require a
patch to suit the host computer
BREAK routine, but this is not strictly
necessary and will be reverted to

later.
A further important interpreter
routine involves the initialization pro-
cedure for graphics card software
and hardware. It will hardly be sur-
prising to leam that this routine is
called INITAL (initialize all).
In its present state, the interpreter
occupies less than 4 Kbytes of host
‘memory, which makes it possible to
put the program in a Type 2732
EPROM for this purpose. However,
the interpreter requires an additional
40 or so bytes for use as scratch and
parameter storage area. Therefore, it
would seem wiser to locate the inter-
preter in RAM area, in order to have
some free space available right
above it for scratch use. Example: the
4K interpreter RAM area CO00..
CFFF would leave, say, CF80..
.CFFF free for scratch purposes. If,
however, the interpreter is run from
EPROM at these addresses, some
other RAM area would have to be
reserved for scratch use, for instance
DF80.. .DFFF. Fig. 25 shows a poss-
ible memory map of the host com-
puter system.

Text mode
commandads

At this stage, it is useful to have
Elektor infocard 118 to hand to study
the text mode commands as listed.

Flg. 24. The
graphics card
and its video
interpreter may
also function as
an autonomous
graphics and/
alphanumeric
terminal. In that
case, the inter-
preter will have
a threefold func-
tion. Tw:
addresses in the
host computer
software will
require
modification: one
in the output
distributor
(printer routine),
the other in the
input distributor
(reception of
keyboard
characters).
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The video interpreter text com-
mands always consist of a single
character (no parameters required)
and have ASCII values lower than
20ex (32 decimal). They are usually
referred to in hexadecimal notation,
so 0D is carriage return, 08 is cursor
left (backspace, BS). The corre-
sponding BASIC notation, however,
uses the decimal values, so CHR$(13)
and CHRS(8) respectively, preceded
by the PRINT statement.
Commands CHR$(8). . CHR$(I3) and
CHRS(26). . CHRS(29) are standard
video control characters and require
no further comment, except that they
take full account of the cument
character size.

CHR$(17) and CHR$(18) switch the
graphics card to the text and
graphics mode, respectively.

CHRS$(20) resets character size to
minimal. Starting from an 8 x5 matrix,
characters may either be enlarged
vertically or horizontally with
graphics command S, Text command
code CHR$(20), or 1nex, will effect
immediate return to minimal charac-
ter size, irrespective of current size.

CHRS(9) forces all ASCII codes in
between this command and the CR
code to be executed as_being
graphic instructions. The CR will
restore operation in the text mode.
Code CHRS$(4) is particularly useful
for mixing drawings or background
colours with text overlays, or for
changing character size within a
listing or a menu.

Suppose, for instance, that the text
mode is set and that a program menu
is to be put onto the screen. The
characters are to be double sized
and in red. Undemneath the memu
must appear the prompt ‘enter your
choice, please’ in blue, normal sized
characters. Programming character
size can only be effected in the
graphics mode, so that the current
text mode will have to be temporarily
left to insert relevant graphics com-
mands, preceded by CHR$(4)

10 REM colour red (=6)

20 REM double sized characters
30 REM normal height

40 PRINT CHR$(4)"C6,52,1"

50 REM final CR will

60 REM restore text mode

70 PRINT "MENU. . "

90 REM end of menu

100 REM colour blue (=3)

110 REM normal sized characters
120 PRINT CHR$(4)"C3 511"

130 REM final CR will

140 REM restore text mode
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150 PRINT "enter your choice,
please”

Alternatively, lines 120 and 180 could
be written as;

120 PRINT CHR$(4)"C3"
150 PRINT CHR$(20)” enter your
choice, please”

Note that use of CHR§(7) and
CHR$(18) for this purpose is far less
elegant than CHR$(4), which instruc-
tion results in a more compact
program.

CHRS$() transfers video buffer con-
tents to GDP for execution at high
speed.

CHRS(2) opens or closes the video
buffer area (toggle function).

These two commands require some
further explanation. In a mono-
chrome system, one screen equals
16 Kbytes of GDP memory; 48 Kbytes
are required with 8 colours (RGB);
64 Kbytes with 16 colours (RGBI).
Remember that these memory areas
are located on the graphics board,
not in the host computer. Transfer of
graphics card memory to host com-

puter memory would be convenient
ifa copy of the current screen were
to be stored on disc or tape. How-
ever, reading a copy of the screen
contents into host computer memory
would require it to have a 64 Kbyte
RAM area available for this purpose,
which would seem a bit large, even
for a simple 16 colour image. Obvi-
ously, it would be far more efficient
to copy the sequence of GDP in-
structions generating such an image,
rather than the image itself as it is
present in GDP memory. Even more
space could be saved if all insignifi-
cant ASCII codes, such as LFs and
spaces, are not written into this corn-
mand buffer. With this method of
copying, more than some 16 Kbytes
of host memory will hardly ever be
needed for storage of even the most
complex image in the form of a rel-
evant graphics command sequence.
Once the sequence has been stored
in host memory, it is available for
inspection, modification, or for sav-
ing it onto disc, to be reloaded later
and executed using the PRINT
CHR§()) instruction. Note also that
from an aesthetical point of view, itis
more pleasing to see a graphic
image develop according to its



architectural logic rather than o see
it completed by a scanning line from
top to bottom of the screen. More-
over, the GDP has an execution
speed which fully justifies the com-
mand sequence approach.

Fig.26 shows that it is useful to
reserve a dedicated RAM area in the
host computer for video buffer pur-
poses. Note that the buffered and
disc-stored instruction sequence
may also be loaded into another
6502-based computer equipped with
the present graphics card.

CHRS$(2). By now it is time to explain
how the GDP instruction sequences
must be stored in the video buffer.
Theoretically, this buffer may have
infinite length, but a 4...5Kbyte
area would appear sufficient for
most purposes.

Fig. 26a shows that a buffer that has
not been opened, and then closed at
the end with a CHR$(2) instruction, is
asif non-existent and can not be read
by the video interpreter. This effec-
tively protects the area from being
written into inadvertently. Once
opened with a CHR$(2) command,
the buffer will receive a// and only
the video interpreter commands
meant to control the GDP, and
exactly in the order in which they are
issued, be it in the text mode or in
the graphics mode. This process of
copying will stop once a further
CHR$(2) command is encountered,
which will effectively lock the buffer
area — Fig. 26b. The buffer contents
are now available for use, as outlined
above.

CHRS$(). This command enables
execution of the GDP instructions
contained in the video buffer by the
video interpreter — Fig. 26c. After
receiving a PRINT CHR$(2) com-
mand, the interpreter searches for
the buffer start address, reads the
sequence of instructions and
executes them one by onme with
dedicated subroutines, until the end-
marker is encountered. Execution
runs at a considerable speed, as all
intermediate (BASIC).x,y coordinates
calculation time is no longer
required. .Thus, a first testrun of a
BASIC graphics program may show a
relatively slowly developing graphic
image. However, with the buffer
opened before this run, it would
afterwards  contain  only the
necessary video interpreter instruc-
tions for very fast execution by a
PRINT CHRS()) command.

Graphics mode
commands

Like commands for the text mode,

L/,

7777,

VIDEO DISPLAY
MEMORY

16K
48K (RGa)
64K (RGB 1)

ss127.42

VIDEO DISPLAY
“MEMOR:

18K
48K (RG8)
64K (RGB

512740

VIDEO DISPLAY
MEMORY

16K
48K (RGB)
4K (RGB

|
|
/
)

512740

Fig 26. In Fig.
26a the

in
contr
graphics card,
but GDP
instructions are
not saved. Fig.
26b makes clear
that every GDP'
instruction is
copied into the
host’s video
buffer,

especially
opened for this
purpose with a
CHR$(2)
instruction. Fig.

2 o

lly shows
t

matical,
how a ‘pack
GDP instructions
is taken out of
the video buffer
for transfer to
the graphics
card. This
process runs
under video
interpreter con:
trol and is
started off with a
PRINT CHR$(1)
command in
BASIC.

for
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those for use with graphics consist of
a single byte (ASCII code A...7) to
specify the relevant command. How-
ever, cerain instructions require
one, two, or even three parameters to
follow it. To create a ring or a circle,
for instance, it is necessary to specify
the radius, thickness, and sector(s),
all neatly separated by commas.

In the text mode, reception of an
ASCII value 42nex will result in a B
printed on the screen. This same
value, however, received in the
graphics mode will change the
background colour into the colour as
specified by the parameter following
the B command.

Syntax rules for the graphics com-
mands are as follows: spaces in
between or before commands and
parameters are ignored by the inter-
preter, except for the P command.
Parameters must be separated by
commas; but there should be no
comma between a command and its
first parameter. In case a command
follows a parameter, a comma should
be inserted. The command string is
always closed with a CR.

Certain (recursive) commands allow
a series of parameters to follow them
without the need for a repeat of the
relevant command code; refer, for
example, to commands D, J, or X.

1f an expected parameter is missing,
the interpreter assigns default value
0 toit. Thus, B(CR) or B equals BOCR:

or Bd
Whenever there is a parameter too
many, or any other syntax error
exists, the wrong instruction is
entirely ignored and consequently
not executed.

Note that the interpreter only
recognizes integers, so 1
becomes 156,

Certain_instructions must be fol-
lowed by CR, in absence of which
they will not function properly. This
is notably so in the case of the P
command

After these general remarks, the par-
ticulars of every graphics command
will be examined. Refer also to
infocard 118

A : return to text mode. Whenever a
graphics program is interrupted, the
BASIC interpreter will print BREAK
IN LINE. ... on the screen, of which
message letter A is used as the com-
mand to retum to text mode.
Syntax: A CR

A, (next text mode

command;

B : set background colour. The only
parameter expected after this com-
mand is the code number of the
background colour to be set. After
its initialization, the interpreter
defaults to a black background.

tobruary 1986

Syntax: B n (CR
B n, (next graphics mode
command)
Note that the B command must never
be issued in the RMW mode, as then
the background is not erased. Yet, is-
suing it may result in quite pleasing
effects.

C : set or combine pen colour. The
only parameter expected is the code
number for the desired pen colour,
its initial colour being white. This
command may be used without
restrictions in the RMW mode.
Note that the parameter for com-
mands B and C may be positive (in
which case the former colour is
ignored), or negative (in which case
the new colour is combined with the
current colour by an AND logic
operation).

D : draw from current position to xy
destination. At least two positive
parameters are expected to define
the absolute destination for the pen
to draw aline to, starting at ts current
position. XY coordinates are given
from absolute origin (X=Y=0).
Syntax: D xy (CR
D xy, (next command
Recursive syntax:
.xy (CR

5%

next command)

G : draw geometrical shape. The let-
ter G stands for geometry and pro-
vides  access fixed
geometrical shapes as selected by
the first parameter. The sign of this
parameter defines whether or not
the shape is open or solid. The Xy
parameters define the size of the
shape in terms of x and y units on
their respective axes, starting from
the current pen position. When x
and/or y are negative, the shape will
be drawn behind and/or below the
current pen position

Syntax: G + nxy (CR

G % nixy, (next command)

H : home pen to current origin (see
1) imespective of its current position,
and without drawing. No parameters
are expected.
Syntax: H (CR

H, (next command

1: set current location as new absol-
No parameters are

1, (next command)

] : this command is the relative
counterpart of the D command. At
least two parameters are expected to
define the relative xy destination of
the drawing pen. The relative coor-
dinates are defined with respect to

current pen position, and either one
of them may be negative to indicate
that the pen destination is behind
and/or below its current position.
Syntax: see command D

L : set line type n. One parameter is
expected to specily the type of line
the GDP is to use for drawing. Note
that the type of line not only affects
outlines, but also plain surfaces like
circles, squares, or rectangles and
triangles, which may produce highly
interesting effects.

Syntax: see command C.

M : move to absolute location xy
without drawing. Coordinates x and
y must be positive.

Syntax: M xy (CR

M xy (next command,

M, =Mool

to home pen to absolute
screen origin

often:

N : plot dot xy. Two parameters are
expected to define absolute pen
destination x and one for colour ¢
of the plotted point.
Syntax: N c.xy (CR)

N cxy, mext command
Recursive syntax: see command D.

0 : draw a circle, ring, or section of
it with current absolute origin as
centre. Depending on the type of
circle or ring, the pen need not
always return to the centre at the end
of the drawing.
Syntax: O st (CR)
O sxt, (next command)
where s is the code for the
drawn part or sector of the
circle, r is the radius, and t
the thickness of the ring.
When r equals t, a disc is obtained
(quickest drawing);, when r > t, a
ring is drawn with thickness t;
appearances are deceptive in this
case, as this shape requires less lines
to be drawn, and yet is slower to
finish.

P : print alphanumeric characters
without leaving the graphics mode.
‘This command functions like its text
mode counterpart CHRS(4). All
codes following command P are
printed as alphanumeric characters,
starting from the current pen
position.
Syntax: P characters (CR)

Example:

0E=12

20 PRINT "M 128)51"

30 PRINT "P example number ":E
The text "example number 12’ is
printed from location X=128, Y=15
onwards  without leaving  the
graphics mode. Note that P is the
only graphics command in which
spaces are significant.



Q : set the print direction. One
parameter is expected to select
horizontal or vertical printing direc-
tion for characters following the
above command P.

Syntax: see command B.

R : move to relative x position from
current pen position, without draw-
ing. This command is the relative
counterpart of command M. Thus, x
and y may be negative.

Syntax: see command M.

§ : set character size. Two expected
parameters x and y define the
alphanumeric  character  size
horizontally (¥) and vertically (7). The
parameters are  independently
specified to enable printing very
wide, yet short characters, or,
alternatively, very tall, yet narrow
ones on the same screen. Parameter
values must be in the range of @.
..15, and SI,1 resets normal size.
Syntax: see command M.

T : set character type. One
parameter is expected to select nor-
mal or italicized characters, irespec-
tive of current printing direction.
Syntax: see commanc

U : select peneraser activity
up/down. Two parameters are
expected with this command: the
first selects either pen or eraser, the
second determines whether the pen
or eraser is active (‘on the paper’) or
inactive (off the paper). This com-
mand allows drawings fo be
generated by means of recursive
algorithms which alternately lift the
pen and put it down.
Syntax: U pu (CR

pau, (next command)
Note that the interpreter is always in
the ‘pen down' mode after its
initialization. Thus, it not necessary
to issue command UL at the start of
every graphics program if it is
remembered to run the INITAL
routine first.

V : get pixel status. Two parameters
are expected to specify the x coor-
dinates of a pixel whose status is to
be read from the screen memory.
Syntax: see command N.

The four colour bits of a specified
pixel become the lower nibble (bits
0...3) of a buffer called PIXBUF.
Access of PIXBUF will be reverted to
later.

W : set read-modify-write (RMW)
mode. One parameter is expected to
select/deselect RMW operation, as
explained in the first part of this
series of articles.

Syntax: see command B.

X : draw coordinate axis. Three
parameters are expected to specify
direction a, increments s, and mark-
ing intervals i
Syntax: X as,i (CR)

X as, (next command
Recursive syntax:

Xagsi,...asi (CR
Xasi...asi next
command,

Z : select page. One parameter is
expected to select a screen page.
Depending on the set vertical resol-
ution, two or four pages of screen
memory are available. The Z com-
mand enables the user to smoothly
thumb through the screen memory
pages to look for certain data or
drawings.
Syntax: Z p (CR

Zp, next command

where p has a value between

0 (page 1) and 3 (page 4).

Parameters and
variables

The above summary of available text
and graphics commands shows their
conciseness and suitability to be
effectively used in any BASIC
program, as they can be printed as a
so-called string of characters. This
implies that all parameters may be
thought of as variables and that their
signs (plus or minus) remain signifi-
cant. In extreme cases, one variable
could be assigned to a whole
sequence of graphics commands to
create recursive algorithms and,
consequently, compact programs
like the ones shown below.

The first program draws one of the
figures as shown on page 49 in the
January 1986 issue of Elektor
India.. The second program does
the tubular figure as shown on the
front cover of the November 1985

issue.

o s iy
3 s r-nn(:s:( s
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Graphics card
and Junior
Comyputer

As an expansion of the DOS-
equipped Junior, the graphics card
and its video interpreter may be

used as a dedicated graphics ter-
minal, together with the VDU card
for alphanumeric 1/0 (Fig. 23). How-
ever, it is also possible to use the
graphics card in the text mode, thus
obviating the VDU card and software
altogether.

It is possible to use the CHRINP
routine, but this is not obligatory
(note that Junior's DOS supports
several output devices, but only one
input device, ie. usually the
keyboard). In the source listing of
the video interpreter, the BREAK-test
subroutine has been adapted to suit
the Junior. What remains to be done
is modification of two addresses in
the Junior output distributor: the
address of the CHROUT routine
(video interpreter) is placed in
between the addresses of VDU
and Centronics printer

Attention! The addresses to be
placed into the distributor are always
one byte lower than the actual rou-
tine addresses. Thus, if the video
interpreter was assembled to run
from BO@3 onwards, the byte to be
placed in location 2313nex or 231hex
is 02, not 03:

BB i
2315 89 } 10 92 or 10 63

or

PR A e
316 - pg 10 04 0r "I0 , 05

The character read routine, CHRINP,
is placed in locations 230lex and
2302nex as BOShex (= BOO6-1). The
address of routine INITAL is B#f,.
This routine is accessible with disc
command DISK!"GO B@@@", and
ought to be run every time before a
graphics program is started to clear
all preceding variables. Attentive
readers will have found out by now
that the graphics interpreter is
assembled into a 4Kbytes block of
6502 object code starting at Bo0Bhex.
This memory area lies within the
RAM work space of the BASIC inter-
preter, so a modification of V33 disc
track @ is called for. The procedure
to effect this has been described in
Elektor India issue of

October 1983, page 10-45. Refer-
1ing to table 2 on that page, change
the byte'in location A2l8hex trom BF
into AF. Write modified track @ back
onto disc. The modification with the
1/0 distributor is also done on track
0, the corresponding addresses are
either (A)313 and (A)314 or (A)315 and
(BRI6.

The video buffer containing the GDP
command sequence extends from
7080rex right up to AFFFhex (16 K).
‘This implies that 12 Kbytes are left for
the BASIC program, starting from
3AT9hex. This will be large er\ouqh
for most purposes.
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I/fs modest dimensions and battery operation make this
amplifier eminently suitable for use out of doors: at
garden parties, sporting events, boating galas, fo name
but a few. It might be classed as a good-quality

PA (public address) amplifier in view of
jts beftfer frequency response than
usually found in run of the

mill PA unifs.

MOBILE AF

POWER AMPLIFIER

by

Arno Sevriens

ai
voltage.

In contrast to hi-fi power amplifiers,
which are designed for low distor-
tion, high slew rate, low noise, and
good damping factor, public ad-
dress amplifiers must meet different
requirements. Among these are high
output power, good reliability, and
robustness.

Generally, low supply voltages result
in relatively low power outputs. This
is, however, not the case in the pres-
ent amplifier, as shown in Table 1
The figures in this table become
even more impressive if the modest
dimensions of the amplifier are con-
sidered. Note that the supply
voltages in the table are either asym-

Table 1.

s | suor | ovwn | Consponing i
e el e
2V (£6V) ‘ 1A | swino4e ‘ 85 mv
Vo | A e R
24V (+12V) [ 3A 40Wintod Q | 210 mv.
Aviiv s aunia et
RVEEV | oA | mwmesn | Somv

2-38 stektor india february 1986

metrical or symmetrical. The differ-
ence between the two will be
reverted to later.

Circuit descripfion

Designing a power amplifier used to

be a complicated and complex job. -

Nowadays, however, the complexity
is contained entirely in proprietary
ICs to which only a few external
components need to be added to ob-
taina first-class amplifier. There used
to be a lot of scepticism about these
“black boxes, but over the years they
have more than proved themselves,
so that any doubt as to their oper-
ational qualities is quite misplaced.
The only drawback with them is that
there is so little to explain about the
final circuit.

Figure 1 shows that the proposed
design is of the double push-pull
type, which is about the only way
that a large output power can be ob-
tained from a low supply voltage.
This amangement ensures an
available power output double that

of a single push-pull amplifier. If
then the output impedance is
halved, the output power is doubled
again, so that four times as much
power becomes available. Note that
the power developed by an output
amplifier is determined by

P=ups?/8Ru W] [0}

where P is het output power, upp is
the maximum peak-to-peak voltage
excursion across the load, and Ru is
the load (ie, loudspeaker) im-
pedance.

A noteworthy aspect of the circuit is
that, although the loudspeaker is
direct-coupled to the amplifiers, an
asymmetrical supply may be used.
This is made possible by the virtual
earth created by Rs and Rs. It is, of
course, true that this is high im-
pedance, but this is of no conse-
quence here because the output
current does not retun via earth.
However, since it is permissible —
and often preferable, as wil be seen
later — for a symmetrical supply to
be used, the circuit makes provision




Flg. 1. The cir
cuit diagram of
the power ampii-
fier is basically @
double pust-pull
arrangement.

for both. Normally, therefore, an
asymmetrical supply of 12 to 36 V is
connected to the @ and e terminals.
Both push-pull amplifiers consist of a
Type TDA2030(A) driver and com-
plementary power stages Type
BD249-BD250. The TDA2030(A) is a
self-contained Class AB amplifier
capable of delivering up to 18 W into
a 4 Q loudspeaker. It may, unfortu-
nately, prove difficult in certain areas
to get hold of a TDA2030A, in which
case the TDA2030 may be used. This
delivers a maximum power of about
14 W into 4 Q. A further difference
Dbetween the two types is that the (&)
version may be used with supply
voltages of up to +22 V as against
418 V for the basic version.
Whenever the load current rises
above a level which the drivers can-
not handle (and this almost entirely
depends on the supply voltage),
power stages T1 to T« are switched
on via resistors R, R, Riy, and Rus.
Negative feedback provided by
Rs-Re-C+-Cs ensures fully stable op-
eration.

Although there is no real protection
against short-circuiting of the output,
since this is difficult to realize in this
type of amplifier, the thermal protec-
tion circuit in the driver ICs enable
the unit to withstand quite a lot of
rough treatment.

Construction

It is advisable to build the amplifier

Fig. Za. Incorrect
way of using the
same supply for
a pre-amplifier
and the power
amplifier,
because the
earth return lines
in the two units
aze at a different
Ppotential.

Fig. 2b. A pre
amplifier in-
tended for oper-

supply should be
connected as
shown here.

Fig. 2c. If the
pre-amplifier is
designed for a
symmetrical
power supply, it
should be con-
nected as shown
here.
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Fig. 3. The on the printed-circuit board shown
printed- 3 in Fig. 3. This has been designed to
mate with a 200 mm long heat sink
for the ICs and power transistors,
which obviates any long connecting
wires between these components
and the board.

The driver ICs and power transistors
should be mounted onto the heat
sink with the aid of insulating
washers (provided with these com-
ponents) and ample silicone grease.
It is recommended to tap three M3
threaded holes in the flange of the
heat sink to facilitate mounting the
PCB. The completed assembly is
shown in Fig. 4.

The amplifier may be fitted in a
suitable case of its own, but in many
cases it would be more sensible to
combine it with an appropriate pre-
amplifier. Whatever housing is used,
however, it is important that there is
adequate cooling of the heat sink.
Screened cable should be used for
connecting the pre-amplifier to the
power amplifier. Power lines and
loudspeaker connections should
have a crosssectional area of not
less than 2.5 mm,

58 €5 =a
ojto 0 oo oof sujo
oHlo~o{ oajo w | HEO-9

Parts list ;
g Use of a pre- :
esisor
BB =202 amplifier
i Bs stated earlier, the power amplifier
RsiRe=33 may be powered by an asymmetrical
ReRo=1Q 12 to 36 V supply or a symmetrical
+6 to +18V one. The supply may
Capacitors consist of a 12 V/ car battery, or two or
Ci=1ns more of such batteries in series, or it
Cs;Cr=220n ‘may be a simple mains supply. In the
Co= 1016V latter case, a symmetrical version is

obtained by the use of a centre-

Semiconductors: tapped mains transformer.

TuTa=B0250 I the supply is used to power the
T2iTe=B0249 pre-amplifier also, care should be
D...De= INAOOT

taken to ensure that the signal earths
in the two amplifiers are at the same
potential. If, for instance, the pre-
amplifier is intended to be powered
by an asymmetrical supply and is
then connected to the power ampli-
fier supply, the o line in the power
amplifier will be shorted to earth as
shown in Fig. 2a. The only solution to
this problem is to use a symmetrical
supply and power the pre-amplifier
from one half of this as shown in
Fig. 2b. If the pre-amplifier is in-
tended to be powered symmetri-
cally, there are, of course, no
problems — see Fig. 2c. L}

1C;IC2 = TDA2030(A)

see text)

Miscellaneous

heat sink
10020025 mm, e.g.
Fischer SK42 type

SGS application
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Protecting data
from prying eyes

by Alan Burkitt

The banks are closed and
you want fo check how
much money is in your ac-
count. You put your plastic
card info an automated
teller machine and the
bad news is printed out.
Does anybody else know?
Your employer's personnel
depariment has just put
all ifs records on com-
puter, including details of
your employment history,
your heaith, your edu-
cation, and even family in-
formation. Once it was
kept in a locked cabinet
and only one person had
the key. Now terminals all
over the company, even in
other branches, are con-
nected fo the same com-
puter. Who can read your
personal files?

Your company has in-
stalled an up-to-the minute
office automation system
Senior staff dial it up every
evening and use their own
home computers to
analyse sales data and
work on new product
plans. How do they know
that rival companies are
not dialling the same
computer and stealing in-
formation?

Espionage or
accident

In each case it is imposs-
ible fo give an accurate
answer. Because of its very
nature, no one knows how
much computer "es-
pionage” goes on. What is
certain is that, as
companies put more and
more of their vital data —
and information about
their employees and
customers — onto com-
puter, the risks are grow-
ing. Information thieves
can be just as clever as
the people running the
computer system.

But it is not only deliberate

theft of information that
computer operators have
to guard against. If many
different departments use
the same system — or if
there are links between
systems — there is the risk
of accidentally straying on
private information, rather
like hearing something
spicy on a crossed fele-
phone line.

It is relatively easy to pro-
tect information in old
fashioned filing cabinets
A lock on the cabinet and
another on the door may
be enough. In any case, it
is obvious fo anyone when
someone s rifling through

a drawer. But who knows
who is tapped info a
computer?

Protection by
law

Protection of computer
data is no longer optional
in Britain, one country
where electronic data is
now very widely used. It
has become a legal
obligation, certainly as far
as personal information is
concerned. A Data Profec-
tion Authority, established
by the British Government,

vhich produces the data
Data-Lock.

JPY Associates,
oftware package

is drawing up rules that
will apply fo everyone us-
ing a computer to store or
process such information
— in theory, even owners
of home computers
Fortunately, however, there
are means of profecting
information. The personal
identity number needed
fo key info a bank
machine is helpful, but fo
be easily memorized such
numbers usually have only
four digifs, so that a defer-
mined spy could perhaps
discover it by trial and er-
ror. In any case, that does
not protect the information
zipping along the tele-
phone wires from the
bank's computer, which
can be fapped by anyone
with simple equipment.
More sophisticated means
are needed and here the
computer industry has
taken lessons from govern-
ments that want fo protect
secrets by using codes.
Confidential information is
converted info a secret
code by an encryption
unit using a system known
as the Data Encryption
Standard or DES. It can
then be stored in a com-
puter or fransmitted down
a telephone line. Either
the system is pre-set with
an individual code or key,
or it is fyped in by the
operator at the fime.
Encrypted data bear no
resemblance fo the
original and, because of
the vast number of poss-
ible keys, only one of the
world's leading intelli-
gence agencies would
have the ability fo
decipher i

Special
soffware

|
|
But the system is expens-
ive, or it has been until
now. A DES encoder/de-
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coder costs about £3000
in the United Kingdom
and a separate unit has to
be bought for every bank
branch and every
company computer.
However, it is possible fo
use the computer itself as
the encryption system. All
that is needed, instead of
a "black box’, is special
software that programs the
computer fo encode or
decode information as it
goes info or comes out of
the memon

That means companies
can ensure the confiden-
tiality of their information
at only a fraction of the
cost and, as the DES code
is used, the security is
every bit as good. Pion-
eering the software ap-
proach is a three year old
company, JPY Associates
of New Malden, which has
invented a system called
Data-Lock.

John Yardley, JPY’s manag-
ing director, said: "So far,
our customers hav

wanted fo protect either
personal data or commer-
cally sensitive information.
We have had a ot of en-
quiries from people
developing office auto-
mation systems, where
they want Data-Lock writ-
ten into the software””

Speeding up
the process

Compared with the tra-
ditional hardware solution,
this might work out at
under £500 for the
cheepest version — a big
saving. JPY has started off
by producing the software
1o run on PDP41 and VAX
computers made by the
Digital Equipment
Company.

A potential drawback of
software encryption is that
it can be slow: after all,
some complex mathemati-
cal processes are applied
fo the data. "We have put
everything info our soft
ware fo make it go fast,
said Dr Yardley.
"Data-lock processes three
or four blocks of 512
characters each per sec-
ond!" In other words this
whole article could be en-
crypted in about four
seconds — not f0o long to
wait if the information is
confidential.

“The encrypted infor-
mation can be computer
programs, databases, or
anything. It really does not
matter, and we think we
can get the system fo
operate even faster”

Even the engineer main-

taining a computer can-
not obtain the data
without the key, which is a
sequence of eight
characters, numbers o let-
fers. "It could be a name
or a felephone number,
although ideally it should
be random,” Dr Yardley
said.

Limited keys

In one approach, the
operator enters the key at
the terminal so that data
can be coded or decod-
ed. But the key, itself en-
coded, can be stored in
the system and the
operator keys in another
sequence fo operate it.
With this method, users
can label their keys with
familiar names, without
compromising securify.
This system is called Key
Manager.

What happens if the
operator forgets the se-
quence, or even dies? "In
co-operation with the
owner of the computer we
can get the key back if it
is on a key manager
system.” Dr Yardley said.
"Otherwise it is lost for all
time""

Obviously this can create

problems, and JPY is think-
ing of @ way round them.
One possibility is o limit
the operator o a certain
number of possible keys —
so that they can be tried
in turn.

"It may take a week to
come up with the right
one" said Dr. Yardley. That
of course may not be
secure enough for really
vital commercial infor-
mation, but few intending
spies have the resources
fo devote that length of
computer time to ordinary
material

And it will mean we can
be confident no
unauthorized eyes are
looking at our bank ac-
counts or ofher personal
details stored on
computer.

Educational software
for the handicapped

by Jack Cross

Among special devices fo
aliow handicapped
children to play and leam
with computers are a work
station with voice syn-
thesizer for the blind, a
helmet projecting an elec:
fronic beam for those wifh
difliculties in controliing

| their limbs, and a con-
troller operated by
movements of the eye for
the severely disabled.
simpler aids include exira-
large switches or levers for
children wo have difficult-
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ies with standard switches;
and various computer pro-
grams tailored specifically
for those with different
learning disabilifies.

All this hardware and soft-
ware has been produced
by the four Special Edu-
cation Microelectronics
Research Centres
(SEMERCs) covering
England and Wales. The
centres are a fask force
that collaborates closely
with the regional and na-
tional offices of Britain's

highly successful Micro-
electronics Education Pro-
gramme (MEP), established
in 1981 fo foster computer
awareness among
teachers and pupils.

Power and
Hexibility

MEP’s national co-
ordinator for special edu-
cation is Mary Hope, who
is based at the Council for

Educational Technology in
London. In 1982 she wrofe:
"We are just starting fo get
some idea of how we can
help children with learn-
ing difficulties; o enable
the severely physically
handicapped to com-
municate and express
themselves despite their
handicaps; fo help deat
children overcome their
speech and language
problems; and fo minimize
some aspects of the han-
dicap of blindness. The




power and flexibility of the
new technology s enor-
mous and must be one of
the most excisting areas of
development in edu-

| cation””

Well balanced
team

The best known SEMERC is
probably the one at
Newcastle, which covers
northern England and is
conviently close fo the
MEP Directorate’s offices.
Colin Richards, the centre's
manager, calls micro-
electronics "a caring
technology which opens
doors that, without it,
would remain firmly shut”
He and his team en-
thusiastically demonstrate
the capabilities of some of
| the many devices held by
the SEMERC, emphasizing
that each has to be
eva\uated as a teaching

i no' difficult for the

layman fo perceive why

so many of these are de-
| signed to operate without
the familiar typewriter
keyboard. It is not suitable
for the blind or near-blind,
or for young people who
suffer from a severe motor
impairment. In any case,
the aim is fo assist in
general

sucking and blowing, us-
ing a large simple switch
— or whatever method

grams dealing with
literacy, number work,

with up to 256 pre-
produced items — they
can be words, pictures,

suits each
child.
foLiho yoryoungmen,
tally or multiple-
handicapped children,
there are simple and
cheap electronic infer-
faces that allow them fo
use a large switch fo
operate an ordinary toy —
from a drum playing flufty
rabbit fo a laser gun. This
system, developed by the
Manchester SEMERC, can
be operated by hand,
foof, breath pressure, voice
or grasp. It can be used to
encourage attentiveness
or as a reward for perform-
ing in response to varied
commands flom the com-
puter, such as:
blue switch three times
and the rabbit will beat
his drum."

Head
movements

The "Phofonic Wand"” is a
kind of plastic helmet
which projects an elec-
tronic beam fo control a
moving spot on a visual
display screen. Though
designed — by Dr John
Cole of Chesfer — for
people capable of mak-

activities, not to impart
touch typing skills. So most
of the hardware can be
controlled by such actions
as the flick of an evelid,

ing well head
movements, the wand is @
source of motivation even
for sufferers from fairly
severe cerebral palsy. It
comes complete with pro-

y Kerton operates a Braille keyboard microcom-
hich turns her words into print and then into

music and pamhng
The SEM
group s frying fo lmd out
what kind of software
works best with Twinkle.

The device utilizes eye
movements which, by way
of sensors affixed fo the
child's forehead, give the
user access fo the
computer.

The staff is particularly ex-
cited about the potential
of the Adventure Board
produced by Britain's Edu-
cation Development
Centre at Walsall. A
magnetized playing piece
is moved along grooved
pathways cut info a solidly
built flat surface, actuating
a series of 16 switches
which produce messages
on a screen. The demon-
stration model portrays a
village, with shops, a farm,
animals and trees — the
kind of small toys found in
any home or infant school.
A typical "adventure”
might read: "1 set off from
the farm gate. ..I saw a
duck and three duckl-
ings. .| crossed the
bridge over the stream” —
and so on. The program
can be stored, refurned fo,
and, with the appropriate
equipment, printed out.
Teachers can prepare
their own boards and
write their own stories
about anything from the
route to school fo a
treasure island. Walsall
Education Authority, which
holds the patent on
Adventure Board, hopes fo
go info commercial pro-
duction soon.

Overlay
keyboard
Teachers particularly prize
devices that allow them to
present their own material
without having to have

numbers, fex-
tured surfaces or passages
in braille. The pupil gains
access fo this "prompt,
cheap, microprocessor” as
Mr Richards describes if,
by pressing the relevant
section of the overlay.
There are several devices
that use graphics fo assist

speech training and make |

it enjoyable. Micro Mike
has been developed by
the Manchester SEMERC
and the Northwest
England Computer Club.
Children can draw pic-
tures or control racing
vehicles on the screen by
making the correct sounds
at the right volume. Visi
Speech (Jessop Ac-
coustics) displays sounds
in shapes, which the
speech impaired child is
invited fo match. C-Speak
(Rank Stanley Cox)
operates in much the
same way, using a radio
microphone and a dis-
play on an ordinary fele-
vision set.

Viewscan has been de-
signed fo help visually
handicapped people
read text. He or she moves
a miniature scanning
camera over the surface
of the page; its confent is
magnified up fo 64 times
and can appear as dark
on a light background, or
the reverse, in selected
degrees of intensity.
Totally blind people can
learn fo use Opticon,
which franslates printed
words info tactile signals
received by the reader
through the fingertips.

Voice syn-
thesizer

Britain's Royal National In-
sfitution for the Blind has

any skills.
The overlay or Concept
keyboard, now coming
info general use, is essen-
tially  flat board, pro-
duced in various sizes,
inlaid with rows of fouch
sensifive pads. On this is
placed a piece of paper

a
work station developed
with MEP funding by

Dr Tom Vincent of the
Open University af Milton
Keynes. A keyboard
microcomputer turns
words info print and then,
using a voice synthesizer,
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info speech. It received an
award from the BBC radio
“In Touch” programme as
the year’s best invention to
help the visually disabled
MEP Touch Screens are a
welcome addition. These
fit fo the front of a com-
puter screen and are a
way of bypassing the stan-
dard keyboard. Mike
Bostock, technology
manager for MEP, wrifes:
“For many children this is
not a serious inconve-
nience, but such distrac-
tion can become acute
for very young children,
those with

obiject on the screen and
the computer responds
directly.

The SEMERCs hold many
thousands of software pro-
grams. Some are commer-
cially produced, others
were developed by MEP
groups and may be
copied, without charge in
Britain, for educational
purposes. Mr Richards and
his team in Newcastle are
continually evaluating
new devices and software
in discussion with teachers
and other users' groups,
and demonstrating their

problems shon concentra-
tion spa te learn-
ing diticuiios” Wih inis
system, they simply have
to point o the required

potential use in
an area running from the
Scottish border southeast
to the boundary between
Lincolnshire and Cam-
bridgeshire.

since it is British Govern-
ment policy fo put as
many handicapped
children as possible info
mainstream education
(only 2% go to special
schools), many of those
who attend the SEMERC
courses are non-specialist
teachers from ordinary
primary or secondary
schools.

Special [ducaf/on Micro-
electronic:

Research Cenlls,
Newcastle

Polytechnic, Coach Lane

Micro-electronics Fau-
cation

Programme’s Directorate,
Cheviot

House, Coach Lane Cam-

pus,
Newcastle upon Tyne,
England, NE7 7XA
Council for Fducational
Technology,

3 Devonshire Street,
London, WIN 2BA

Campus,
Newcastle upon Tyne,
England, NE7 7XA |

CAD in practice
ar Renault

Much has been written on
the changes brought
about by the introduction
of robotics in vehicle pro-
duction, but little is heard
about the tremendous pro-
gress which the use of
computers and robots has
brought fo the initial
stages of vehicle concep-
tion — the design stage.
Technological advances
in recent years have led
fo an accelerated vehicle
renewal rate. But develop-
ment time is long. First, the
general style and
mechanical
characteristics of the ve-
hicle must be defined,
teasibility studies carried
out, production methods
determined, production
plants modified, tooling
manufactured, and so on.
The production of a new
vehicle is like a giant jig-
saw puzzle which relies on
the input of many
specialist fechnologies
before each piece falls
info place.
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The roboft as
sculpfor

Once past the heavily-
guarded gates of the
Renault Technical Cenire
at Rueil, outside Paris, the
visitor fo the styling
department is in for a sur-
prise. Looking through a

glazed partifion protecting
a battery of screens and
computer keyboards, he
would see a life-size car
taking shape in plastic —
under the expert "hand”
of a robot. The articulated
robot "arm" automatically
obeys the commands of a
computer programme. In
just two days, the life-size

model will be ready for
finishing and paining.

This robot sculptor is just
one of the aspects of what
is known in Renault als
CAO (Conception Assistée
par Ordinateur) or Com-
puter Aided Design (CAD).
The use of computers af
the design stage may
seem surprising — almost
shocking. What happened
to the artistic talent, fiair,
design abilities and
knowledge, which no
mere machine can pro-
vide? But it is not really a
contradiction in terms: an
electric typewriter enables
the author to put his
thoughts on paper more
quickly — it does not pro-
vide him with the plot for
his story.

From drawing
board fo
mode/

The first step in the design




of a new vehicle is taken
by the stylist, who pro-
duces the initial rough
skefches. But a vehicle is
three-dimensional object
and nothing can be
finalized until @ model is
prepared — first at 45th
scale and then, if inifial
results seem satistactory,
Iife-size.
For accurate comparison,
several models must be
made based on different
skefches. But fo make a
model, sketches must first
be franslated info ac-
curate plans from which
the model will be con-
structed. Before the in-
troduction of CAO, all
these stages involved long
manual processes. First
step for Renault was the in-
t

The battle of
pictures

Touch sensitive screens,
sculptor robots, and 3-D in-
terpretation of drawings
are just some of the CAO
applications at Renault.
But now a new field of
development promises
rich rewards: the synthetic
computer picture. "Star
Wars” fans will be familiar
with these animated im-
ages created directly on
a screen by a computer
programme — the fech-
nique also used for cer-
ain television program-
mes.

Formerly, it was not until
the life-size model was
completed that a realistic
3D

1 of the

o
able fo convert drawings
info plans. Progress has
been rapid.

One computer pro-
gramme can interpret the
stylists drawing in plan
form on to a screen and
on to a tracing console.
This programme not only
interprets a drawing — it
can also handle volume
(small model) or work from
a sketch drawn on a
graphic console (fouch
sensitive screen)

Once the plans have
been prepared, the life-
size model can be con-
structed by the sculptor
robot, again using the pro-
gramme which controlied
the preparation of the
original plans.

vehicle was obtained. But
the fouch sensitive screen
image, good as it is, is sfill

only a line drawing, and
for stylists and decision-
makers it is vital fo be
able fo "visualize the pro-
ject from every angle as
early as possible, before
committing themselves fo
costly model production
The synthetic computer im-
age answers this need.

Twice as fast

Using traditional techni-
ques, it ook 12 to 16 weeks
1o make a model. With
CAO and the use of
plastics, the time has

been reduced by half —
fo between 6 and 8 weeks.
While reducing costs
(again by half), the pro-
cess also liberates
designers from what was a
time-consuming pro-
cedure. The Renault com-
puter system used for all
these operations is known
as Unisurf. Matra Datavi-
sion, who developed a
three-dimensional logistics
system known as Euclid,
recently signed a co-
operation agreement with
Renault, as a result of
which the Renault Unisurf
and Surfapt systems will be
progressively integrated
with Euclid.

A means of
communi-
cation

Al this may sound like
magic: project an image
of the vehicle on fo the
screen, select the desired
angle, choose the colour
— and there you have it
But one can go further by
calling for a close-up of a
detail (wheel arch, wind-
screen, efc) and this
presents many ad-
vantages.

The image thus obtained,
apart from its aesthetic
quality, is rigorously ac-
curate and makes it poss-
ible fo check volumes and
line quickly. It is also an
efficient means of com-
munication with other
departments concerned,
and enables them fo be-
gin their work on the pro-
ject at an early stage.

The synthetic image is in
full development. Soon it
will be possible to project
the image, life-size, on to a
screen. . .fo modify a
curve, a volume, or a
detail straight on fo the
screen. . .o develop a
programme which will
animate the image so that
it can be seen in motion
against a chosen
background.

The field of research is
vast, but it depends on in-
tensive work in pro-
gramme development.
Renault is fackling the task

in co-operation with uni-
versities specializing in
these fechniques.

But the synihetic image,
like the sculptor robot, is
only a fool — fascinating,
powerful, and enabling
designers fo devote their
talents entirely fo creativity
by liberating them from
long and repetitive tasks.
Just as the fountain pen
assisted writers by saving
them the fime formerly
spent sharpening their
quills, CAO assists creativi-
ty but is not a substitute for
it

Renauit UK. Limited
Western Avenue, London,
W3 ORZ Telephone:
01992 3481
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The concept of MSX makes it possible
fo design programs and ada-on

units that will work with any MSX
computer. In a short series of arficles
we will offer you designs for a
number of useful extensions infended
fo enhance the computers abilities fo
confrol external equipment.

EXTENSIONS -1

The coming of the MSX series of
computers has been a success in so
far that incompatibility problems
among different computer types
have largely been overcome, both in
the software and in the hardware
field. With standardization finally ata
practical level, it is now possible to
develop programs and add-on units
that will work on any MSX computer,
irrespective of its make. The first part
in this series of articles will deal with
a versatile MSX input /output bus and
a digitizer plus 8-bit 1/0 port to plug
into i, thus considerably enhancing
the computer's abilities to control ex-
ternal equipment.

Microsoft Extended BASIC (MSX) is

now the software base for a whole

group of computers with largely

identical hardware features. Com-

pared with the well-known Com-

modore CB4, they feature the

following improvements:

e a further expanded BASIC with
improved  string  handling

capabilities and a larger number of

graphic commands;

© builtin printer interface to the
Centronics standard;

 cartridge slots to plug in hardware
expansions or game/utility packs;

e disc operating system (MS-DOS)
standard available.

This article will concentrate on the

to the universal 1/0

by Gerrit Dam
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bus designed to operate with the
C64 computer and as described in
the June 1985 issue of Elektor
India. These modifications are
necessary because MSX computers
generally use the 780 micropro-
cessor. The add-on boards for this
bus published so far will also require
slight modifications; the digitizer
A/D and D/A converter is featured in
the June 1985, and the 8-bit 1/0 port
in the Tanuary 1986 issue of Elektor
India.

10 bus
modifications

For use with the Z80 processor, the
universal 1/0 bus will require some
minor modifications because of the
IORQ, RD and WR signals of this
CPU; which also uses another selec-
tion of 1/0 channels as compared to
the 65XX type.

The [ORQ signal will have to be in-
verted if it is to replace the 65XX 02
clockpulse. For this purpose, IC: is
replaced by an inverter Type
7415240 This modification will in-
evitably invert all signals passing
through ICz, but it is quite useful
because the bus RD (read) signal is




inverted as well, and may now be
used to enable data transfer onto the
bus without contention problems.
Because addresses Ao. .. As are also
inverted, slot numbers 1...4 will be
in the reverse order, as will the four
addresses available within each in-
dividual slot. Programs for the
digitizer and the 8-bit 1/O port need
no modifications, however, for these
boards are selected by SS (Slot Sel-
ect) only, and do not use any address
decoding within their slots.

A further advantage of the Z80 IORQ
signal is a simplification of the ad-
dress decoding circuitry, As this

CPU is able to select 1/0 channels
0...255 by means of IORQ and
BRo...As, components IC:, Ri..

and Ss are removed. IORQ is connec-
ted to I/0 bus line Aw while CPU
As...A7 go to bus lines
Aiz...Ass. Connect pin 18 with 19 of
the empty ICs socket to enable IC:
with the IORQ signal and install
jumpers b, d, and g as indicated in
Fig. 1.

The 280 processor uses separate
read and write signals (RD and WR)
instead of a combination (R/W), so
the IRQ line had to be sacrificed to
‘make room for the Z80 WR. This im-

plies that the digitizer and the 8-bit
1/0 port will have to take their WR
signal from the former IRQ bus con-
nection, but more about this later.
As MSX computers do not use the
BUSACK signal, Ty, Ris, and Rie may
be removed. Fig.2 shows the
modified PCB.

Add-on board
modlifications

The digitizer and the 8bit 1/0
boards will have to be slightly

Flg. 1. Orig-
inally designed
for use with the
Commodore
C64, this
universal /O
bus is easily
modified to

computer.

1

N1...N4 = 1C6 = 74502

Feommuc s 183019
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Remember to

connect pin 18

to pin 19 of the
c:

empty ICs

2
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i
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cgds ¢
=+ 18 2 (
8-
= ~— A b
——{ &
/7 ~
g
D B

b

connection between
pins 18 and 19 of IC3

851292

modified for use with the Z80 WR*

signal. As for the former, Fig.3
shows these modifications in heavy
lines. IC: is now clocked direct by
WR. To make this possible, pin 6 of
IC4 is cut off from the IC body. A
wire is installed from IC: pin7 to
pin6 of the bus connector — see
Fig.

The 8bit I/0 port is modified as
follows: disconnect pin 8 of ICs by
cutting it off Fig.6 shows how
socket pin 8 of IC: is connected to
bus pin6; do not forget to fit the
marked wire link on the component
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side. Fig. § shows the relevant part of
the circuit diagram for reference

purposes.
This completes the adaptations of
the digitizer and the 8-bit 1/0 port for
MSX applications.

Ribbon cable

connection

Depending on,_ the make of MSX
computer, it either features a so-
called cartridge slot, a 50-way 1/0
connector, or both. Connectors for

the cartridge slot are hard to obtain,
however, because they are in fact no
more than a projecting piece of the
PCB on which the expansion circuit
(EPROM, interface) is mounted. Car-
tridges usually come in a small
plastic housing, and a cheap one
may be salvaged and carefully taken
apart, so that it will still function after
the flat ribbon cable is connected to
it for signal extension towards the
1/0 bus. A means for switching off
the cartridge (ie. the contained
PROM) will be needed when the
wires to the I/O bus are connected



SLOT =~ | SIGNAL DESCRIPTION
PIN NO. o DESCRIPTION
1 O | ROM 4000 ~ 7FFF select signal (128K)
2 O | ROM 8000 ~ BFFF select signal (128K)
3 O | ROM 4000 ~ BFFF select signal (256K)
a O | Slot selected signal.  Fixed select signal
for each slot.
5 - eserved for future use only
6 0 | Refresh signal
7 1 Wait signal to CPU (wired-OR)
8 | Interrupt request sig
9 0 | Fetch cycle signal of CPU
10 | This signal controls the direction of exter
nal data bus buffer when the cartridge is
Selected. It is low level when the data is
sent by the cartridgs
n 0 | 1/0 request signal
12 0 | Memory request signal
13 0 | Wite signal
14 0 | Read signal
15 0 | System reset signal
16 ~ | Reserved for future use only
7 A9 0
18 ATS 0
19 Al 0
2 A0 o
21 A7 o
2 A6 o
3 A2 0
2 A8 0
2% A14 0 Address bus
2 A13 o
27 Ml o
2 A0 o
2 A3 0
30 A2 o
3 A5 0
2 A4 o
3 o1 170
3 D0 110
35 03 110
36 02 110
37 05 110 Data bus
£ 04 170
39 07 /0
0 06 0
a GND Ground
42 cLock 0 | CPU clock 3.58 MHz
a3 ND ~ | Ground
44,46 SW1,sw2 = | insereiromove protection, if fitted
4547 5V - V power suppl
a8 12 - +12 V power supply
49 SOUND IN Sound input (~5 dbm)
50 12 - — 12V power supply

Input and output is measured with respect to MSX computer

in accordance with Table 1. Once
the cartridge PCB has been removed
(which may require quite an effort
depending on the type used), it is
necessary to establish the order of
the slot connections. The even
numbered connections are at the
front (label) side of the PCB, the odd
ones at the reverse side. With the
PCB facing downwards (label side
visible), connection 2 is at the utmost
right of the front row. The row of odd
numbers starts with 1, opposite to 2.
To make things absolutely certain:
the notch at the rear of the cartridge
must now be at the lower left side.
The through-plated holes in the car-
tridge PCB are used to connect the
flat ribbon cable to. It may be
necessary to first open these holes
using desoldering braid. In case
there is no through-plated hole
available for a connection, the wire
end will have to go direct to the ap-
‘propiate PROM pin. It s useful to use
some wires in parallel for the power
supply connections, so that 29 of
them are required in total. Finally, a
feed-through slot is sawed into the
plastic box to lead the ribbon cable
through.

The above mentioned 50-way 1/0
connector is definitely much neater
for the ribbon cable connection, but
special tools are required to suc-
cessfully fix the (expensive) connec-
tor to the cable. Effective disabling
of the (E)PROM in the cartridge is not
difficult, as it is very likely compat-
ible with the well-known 27XX types.
In the case of a 28-pin type, cut the
track to pin 20 (CE) and solder a
wire from this pin to the pole of a
small change-over switch. One of the
switch contacts goes to slot connec-
tor pin 1 or 3 (+5 V), the other to the
track which used to lead to (E}PROM
pin20. In the case of a 24-pin
(E)PROM, do the same with pin 18
(CE). To disable the cartridge you
may now switch its (E)PROM CE pin
to +5 V (Fig. A).

Table | shows the pin designations
and signal definitions of the 50-way
slot connector. Note that pins 44 and
46 are used for optional computer-

1/0-TEST - 4

10 FOR A=d TO 255
20 IF INP(A)<>2S5 GOTO 3@ ELSE 40

30 PRINTA,INP(A)
40 NEXT

1/0-TEST - 2

10 FOR A=0 To o
20 0UT112,

30 anm umz)
40 N

Table 1. Pin
designations of
the available
.signals on the
MSX 50-way
slot connector.

siz9.M2

Listing 1. This
tiny program
checks the con-
nection be-
tween MSX
computer and
the /0 bus,
plus the cor-
rect function of
the modified
decoding cir-
cuitry.

Listing 2.
Suggestion for
a test program
to verify cor-
rect operation
of the modified
digitizer board.
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Listing 3.
Graphic
bresentation of
the input
signals to the
digitizer is
possible after
keying in this
program it
ten in Mic
Extended
BASIC

ToTsSTS
10 0FENLouEa EOROUTETAsH
20 ACOL
30 R1=8:R2
48 SCREENZ,2
56 COLORIS,4,4
48 CLS
78 LINE(32,0) -(32,176)
80 LINEC31,8)—(31,175)
96 LINESTEP(+8,+@) ~STEP(+218,+8)
160 LINESTEP(+@,+1) -STEP(-218,+8)
118 FORY=155TO1SSTEP-20
126 PRESET(8,Y-2)
138 PRINTHI,MID$(STRS( 155-Y) , 1) 3" "
148 LINEC31,Y)—(36,Y+ 1)

o
188 FORA=1TO8
198 0UTE,A-1
200 HCA=INP(8) /1.6
218 A%(A) =CHRS (A+48)
220 NEXT
230 FORN=ST02325TEP24

] 68 :X=N

+

260 AB=AS(D)
276 ITFNOTCHC=MC® — 1ORHIMC@) + 1) THEN326
288 PRESET(X-5,Y+24)
298 PRINTH1,RIGHTS(4%,2)
300 1FP IANDI( ) =5 4THENGOSUBSS0EL SEGOSUB38D
316 MCQ=H
320 NEXTN
330 P=1
348 RETURN
358 LINECX-1,Y=U1-H) ~(X-R1,Y=U1) ,ACOL,BF
368 LINECX,Y-UZ-H) ~(X-1+R2,Y-U1) ,BCOL ,BF
370 GOT0488
388 LINECX-1,Y=U1-H) ~(X-R1,Y) ,ACOL,BF
390 LINECX,Y-U2-H) —(X-1+R2,Y) ,BCOL ,BF
488 LINECX-R1,0) ~(X-1+R2,Y-U1-H) ,3,BF
418 PRESET(X,Y-H)
428 DRAW"c=ccol ja2me=r i, +=uljm-=r2; ,+=u2;"
a30 PrESETCE TR 12>
448 DRAW"c=ccol ; a6 +=uljmo=r2;,=u2;y”
450 PAINT(X,Y-UI-H) , ceor”
460 PRESET(X,Y)
470 DRATCRB T ERT L=t Limi=r 1 smu )
480 PAINTSTEF(-4,-1) ,
498 PRESET(X,Y) ,8
568 DRAW"r+=r2;ut=u2jm-=r2;,+=u2;"
518 PAINT STEP(+4,-1),8
520 RETURN
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and cartridge protection. The
necessary circuitry for this protec-
tion, however, may not be incor-
porated atall, 5o it is still sensible to
switch off the computer before plug-
ging in or removing any cartridges.

Testing

After completion of the wiring job
using Table 1 as a guide, an initial
test of the /0 bus may be per-
formed. The digitizer and the 8-bit
1/0 must be removed for this

purpose.
The 280 processor features 256 1/0
addresses, and every slot on the I/O
bus takes four of them. With all
switches on block S: closed, the
computer will find the slots in the ad-
dress range 0...15. To check the
correct function of the modified ad-
dress decoding part, two bits of
every slot are hard-wired to its SS
signal (pin 7), thus creating a byte to
be read by the computer at the ap-
propiate address. At slot 1, connec-
tor pins 17 and 18 are wired to pin 7.
Atslot 2, pins 15 and 16, at slot 3 pins
13 and 14 and, finally, pins 1l and 12
go to pin 7 of slot 4. Remember that
the slot numbers refer to the new,
reversed order, and that the com-
‘puter may only read these addresses
when the wires are present.

Once the computer addresses a slot,
its SS signal goes low, together with
the connected databits. This results
in the following decimal values to be
read from the slots: slot 1 = 63; slot 2
= 207; slot 3 = 243; and slot 4 = 252.
Listing 1 shows a program to test all
1/0 locations from 0...255. It will
skip any addresses reading 255, ie.
with all bits high. The range from
0...127 is reserved for the I/O bus,
as MSX itself uses 128 and onwards.
Locations 152 and 162, for instance,
contain the VDP (Video Display Pro-
cessor) and PSG (Programmable
Sound Generator) status, respect-
ively. In case the indicated decimal
values are not read correctly by the
program, some wiring error may
have been made, or the jumpers b, d,
and g are not yet in their correct pos-
itions.

1f the first test-run is successful, the
modified digitizer board may be
plugged in and tested using
program Listing 2. Fig. B shows how
the digitizer is tested by connecting
the wipers of eight preset poten-
tiometers to the appropriate inputs.
The potentiometers are connected
between the +5 V supply and earth.
Program Listing 2 will start the A/D
converter eight times to sub-
sequently read the converted values.
Turning the presets will verify the
correct function of the digitizer




N1...N4=IC4
= 741500

5V
1
ol
v 2 N2 1
o
1080
s
Ao
00|
o1
02|
03|

W

ISR

“cutoff IC4 pin 6.

3
Zi
él ol
7 1c2 i
Phddoo 1l 1c3 o
ot 74 ol
o: 78 oafs— p o
Rz o 4051
el € i
oc1 i oc3| - ver
ICE o]

asizea

board. Because Listing 2 uses slot
address 112, switches 12, 13, and 14,
as indicated on the PCB, will have to
be opened.

This program is also useful to test the

8-bit 1/0 board. All inputs are con-
nected direct to the outputs by eight
wires. The program will read back
the sent values 0...7 as 265...248
because of the bitinversion by the

4

0@

*cut off IC4 pin 6 851204

ULN 2803. By changing A in line 20
to NOT A AND 255, the test program
will print two neat columns of 0....

Practical example

The input signals to the digitizer are
highly suitable for graphic presen-
tation on the screen, as they are sim-
ultaneously  visualized. Listing 3
suggests a program to implement
this. The value at each inputis shown
as a vertical bar on the screen. A
scale enables the values to be read
off. Lines 20 and 30 of the program
allow experiments with colours and
bar sizes.

The vertical axis is drawn in lines 70
and 80, the horizontal one in lines 90
and 100. The scale is set up in lines
110...150, completing the ~basic
layout of the screen. Line 170 is the
central starting point in the program,
the remainder of which consists of
two subroutines. Lines 180. .22
first read the input data of the
digitizer before lines 230...340 put

orily

Fig. 3.
Modified cir-
cuit diagram of
the digitizer
board. One of

the necessary
alterations in-
volves the
removal of
pin 6 from ICs

Fig. 4. PCB of

the digitizer, in-
cluding the ex-
tra wire link.
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Fig. 5. The
heavy lines in-
dicate the
modifications to
the 8-bit /O
Dboard.

Fig. 6.
Modified PCB
of the 8-bit /O
port. Just as
ith the
digitizer, an IC
pin has to be
removed, in
se pin 8

two connectors.

do the job.

o1 |0y 12 )

I
o
s

* cutoft 1C1 ping

ol 7
G1CLK 67

ot 103 a4
os )% 163 %)

2
g
3
8
FFFF

07ty LS a7
173

e * cut off IC1 pin 8

851296

16wy CONNECTOR

36wy CONNECTOR

them on the screen using another
subroutine from line 350 onwards
which merely converts the data into
coloured bars. To erase any
previously higher values, line 400
puts a green part on top of every bar.
As a finishing touch, lines 410...510
provide bevelled edges to the bars.

A prinfer cable

As soon as the computer starts to
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grow into a so-called 'system, cables
are required to connect peripheral
equipment like a disc drive, a
modem, or a printer. Considering
the cost of a ready-made cable, it is
certainly worthwhile to make one
yourself for connecting a printer.
Fig. 7 lists the necessary connec-
tions in the form of a table; the 14-way
connector goes into the computer
and the 36-way type (known as a
Centronics connector) into the
printer.

More interesting extensions of MSX
computers will be featured in future
issues of Elektor India. L
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Chapter 2 of our Digi-Course Il had described different
versions of the set-reset Flipflop. Operation of the D-
Flipflop was described in-detail. The gates M and N are
wired in such a way that the condition of the C input
decides whether or not the input D will be passed on to
output Q or blocked. The actual Flipflop part consists of
gates T and U

The NOR-version of the D-Flipflop is shown in figure 2,
In this circuit, the value present at input D is stored by
the Flipflop on the “0” to 1" transition of the signal on
the C input

The truth tabe and the timing diagram for the D-Flipflop
is given below for reference.

Table 1. c o a'tze
o o 1 0
0] 0 1
10 o1 1/0
Do on 1o

Digi-Course II

Chapter 3

From the truth table we can see that the Q and @
outputs are not the same here, as we had in our original
circuit that we started with, in Chapter 1. It is reversed in
this case and we interchange Q and Q.

In practice, this simple D-Flipflop does not meet all the
requirement of an advanced design for functioning as a
storage element. In the application of Digital technology,
storage elements are required which take up and retain
information in a precisely defined time frame. In a D-
Type Flipflop the moment of storing the input signal level
is precisely defined, but before that moment, the output
Q takes on all the values that appear at the input.
Practically this problem is solved by using an additional
Flipflop. This additional intermediate Flipflop takes on all
the values appearing at the input, but passes on the
value to the output Flipflop ony when a command to do
so is given to it. This combination of Flipflop is called a
Master Slave JK Flipflop.

The figure 4, given above shows one such complicated
circuit. This circuit requires all the gates so far installed
on our Digilex Board. The contents inside the dotted
rectanles are actually two independent RS Flipflops, with
status control. Two output indicators are used for each
Flipfiop and the conditions of both Master and Slave
Flipflops can be seen simultaneously on these LEDs. A
logical “1" on the C input (L9) causes all the values at
the inputs J and K to be taken up by the first Flipilop
The second Flipflop reacts only to the values provided by
the first Flipflop at the time when input C goes to 0"
from 1" The actual response of this circuit can be
studied by observing the conditions of the output
indicator LEDs B/C and E/F
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The control signal at C (L9) is also called the ‘Clock’
signal. As the Flipflop reacts only at the moment when
input C goes to “0” from * it is said to be edge-
triggered, triggered by the negative going edge of the
input clock. As the edge defines an exact point of time
during the sequence of events, this type of arrangement
is practically very useful. In the computer technology,
mostly the triggering is done on the positive or negative
going edge of control signals. Some computers are so
fast in operation, the rise time and fall time of the
positive or negative going edge also matter and affects
the operation

A few trials on the circuit will be enough to clarify the
actual operation of the JK Flipflop. The circuit functions
properly only when the data remains stable during the
clock pulse. For proper operation data must be placed on
the inputs before the clock pulse is applied, and should
remain unchanged during the clock pulse.

The input conditions 0/0 on J/K do not affect the
output, the condition 1/1 on J/K reverses the output
conditions on Q/Q at every clock pulse.

For a practical application, one need not construct the
JK Flipflop using so many descrete gates. A single chip
containing two such JK Flipflops is commercially
available. The number of the TTL IC is 74L576

The circuit symbols for a Flipflop are shown in figure 5
and the pin diagram and internal connections are
illustrated in figure 6

5 DIN Elektor/Elex
Frese
B S
' e
" s ] PO
6 e

sfef{7 /s
© e cre

In addition to the known inputs J, K and C of our original
Flipflop circuit, this IC has two more inputs. PRESET and
CLEAR inputs, as their names indicate, are used to
Preset or clear the Q output to “1" or “0"". The bars on
PRESET and CLEAR indicate that the desired effect is
achieved when the original on one of these inputs is

‘0", These ICs can be installed in the sockets (IC & and
1C7) provided for them on the Digilex board
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Figure 7 shows the Pin diagrams and internal
connections of some other TTL Flipflop ICs.
7470
@ mEETcoox KK o

walf1sllzlfnlfw0]fe]fs

L EL B R R

7
o moR n o= 3 8 &=
e

K Flipflop with three inputs, PRESET and CLEAR.

7472

JK Flipflop with three inputs, PRESET and CLEAR.

7473

alf1a]fiz]f11lfwol[e

oo GER
S

Dual JK Flipflop with only one J/K input and CLEAR

7474

L ELE B0
R o cloe AT Yo 10

Dual-D Flipflop with D input, PRESET and CLEAR.




selex

rough check is easily
possible with what is
called a ‘Wet-Finger-Test'.
The multimeter is kept in
the Ohms range. It is
connected to the emitter
and collector. The "COM’
(common) terminal, which
is generally the positive
terminal, is connected to
collector of NPN and
emitter of PNP transistors.
We have seen that a
transistor is constructed by
creating two diode junctions
which are in opposite
directions (the Base-
Emitter junction and the
Base-Collector junction).
There can be no current
from Collector to emitter
or emitter to collector
when the base is kept

Transistors are not as
simple as resistors or
diodes to test with a
multimeter. However, a

Multimeter

saria

Wet-Finger-Test

unconnected. The
multimeter shows infinte
resistance.

Now if we touch the base
and collector terminals
with a wet (moist) finger
tip, a small current flows
through the base which is
amplified by the transistor
and the amplified current
flows through the
collector. If the transistor
under test is in good
condition, this collector
current is sufficient to
deflect the multimeter
needle. The current is
supplied by the internal
battery of the multimeter.
The multimeter reads the
resistance value on the
scale which is roughly
given as

v
R= =
lc

V being the multimeters
voltage available at the
two leads, and IC is the
colector current that flows
through the transistor
when we touch the base
with a wet-finger

Price:

w,»a-wm.. -

Available from:

2 (]
precious
ELECTRONICS CORPORATION

Chhotani Building, 52-C, Proctor Road,
Grant Road (East), Bombay 400 007

The
Digile);l-l;('IB

The Digilex-PCB is made from.best quality Glass-
SSS&  Epoxy laminate and the tracks are bright tin plated,
the track side is also soldermasked after plating.
Block schematic layout of components and
terminals is printed on the component side.

Rs. 85.00 + Maharashtra Sales Tax.
~—ss Delivery charges extra: Rs.
Send full amount by DD/MO/PO.

6.00
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Transistor is the most
important component in
the history of electronics.
It is the most important
semiconductor device
designed so far. Even the
integrated circuits which
have taken over the
descrete circuits, are
nothing but chips with
thousands of transistors
integrated on them (in
many cases,the number is
very very large!)
The transistor is basically
a current amplifier, and a
few simple experiements
should illustrate the
functioning. The
components required for
these experiments will be
easily available from an
electronics shop.
The list of components
required is given below.
1 4.5V Battery Pack
1 Transistor BC 547 or any
other small signal NPN

Experiments

Transistor

transistor like BC 107,
BC 550 etc

1 Light Emitting Diode
(LED)

1 Resistance 220\
(1/8 Watt)
1 Potentiometer 100k
(Linear)
In the experiments that we
are going to conduct, the
LED is used to give a
rough indication of the
level of current flowing
through the circuit,
because the brightness of
the glow depends on the
amount of current flowing
through the circuit

First, let us see how
brightly the LED glows
when directly connected in
series with a battery pack
and a 220Aresistor. The
figure 2 illustrates how
this is done. As the circuit
is complete, current flows
through the resistor as

370802

am0exs

2-56 elektor india february 1986

'n oon

o...c.o,. .

well as LED, if the LED
polarity is correct

If the LED does not glow,
change the polarity of the
LED. (If it still does not
glow, and the battery pack
is new, change the LED!)
Now introduce the
potentiometer in the
circuit as shown in figure
3. As the center and one
extreme terminal are
connected together, the
potentiometer functions
like just a variable resistor.
The current in the circuit
can now be adjusted by
changing the
potentiometer setting. The
greater the resistance, the
lesser is the current and
lesser is the brightness of
glow for the LED. When

Figure 1
Simple solderless connections

r the experiments
Figure 2
Current flowing through the
closed circuit makes the LED
glow. The 220Aresistor helps in
limiting the current through the
LED to a safe value,
Figure 3
With an additional

potentiometer is so high that just
a little movement of the

zro rosistan
extinguishes the LED.
Figure 4
The insertion of transistor has
no significant effect as the Base-
Emitter is connected in forward
direction
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the resistance is gradually
decreased, the brightness
increases and at the
lowest extreem when

potentiometer setting gives
a zero resistance, the LED
glows as brightly as

before.

5
£
o
emiter
6
7

Introducing the transistor
in the circuit as shown in
figure 4, the results are
not much different initially.
The Base-Emitter junction
is connected in such a
way that it just behaves
like a diode connected in
forward direction

The make understanding
this a bit easier, figure 5
shows the transistor in a
simplified form as a
connection of two diodes
connected back to back
(Remember, this is not a
simple physical joint of
two diodes but it is an
integrated junction inside
the structure of the
transistor).

If the potentiometer is
connected to collector of
the transistor instead of
the base, the circuit is no
longer completed as the
two diodes are in reverse
direction and now the
Base-Collector junction
behaves like a diode
connected in reverse
direction.

Now try the combination
shown in figure 6. The
collector is connected to
the junction of
potentiometer and LED,
and the center pin of the
potentiometer is connected
to the base of the
transistor. The behaviour
of this circuit is now
totally different. The
variation in the
potentiometer setting now
affects the

ST e
alternative current path
Sl et ing et
Figure 7

Niustration of figure & redrawn to
clarify the current flowing

se of the transist

glow varies accordingly.
Figure 8

NPN and PNP transistors. Circuit
3ymbols and simplified symbols.

Colector.
Emitter
wronxs
8
ollector.
Bass e €

98

Eed Colhclor
Emm-v

3700

glow of the LED. As we
had already seen in figure
3 a current can flow
through the LED and'the
Base-Emitter junction of
the transistor. (Base
current).

This current causes a
much greater current to
flow through the Base-
Collector junction
(Collector Current). Both
the Base current and
Collector current flow
simultaneously through
the Emitter to the minus
pole of the battery. The
same amount of current
leaves through the plus
pole of the battery and
flows through the LED. the
LED glows much brighter

than in case of the circuit
in figure 3 and

because in the circuit of
figure 6, the transistor

and the current flowing
through the collector is
proportionally much
greater than that flowing
through the base.

We can summarise the

observations as follows:

1. A small base current
flows through the 202
resistor, the LED and
the potentiometer. This
current enters the base
and leaves through the
emitter. This current
must flow through the
Base-Emitter junction.
The potentiometer
setting can be adjusted
to adjust the base
current.

. The current flowing
through the Base-
Emitter junction decides
how much current
should flow through the
Base-Collector junction
This property is called
the current
amplification, as the
Base-Collector junction
carries much greater
current than the Base-
Emitter junction

The ratio between the

Collector Current and the

Base Current is the factor

by which the current is

amplified. This is called
the Gain of the transistor.

& - Collector Current

= Base Current.

~

For a small signal
transistor like BC 547, the
current gain lies between
100 and 500; the heavy
duty transistor have a
lesser current gain... about
2010 1

The simplified
representation of a
transistor shown in figure
5 shows two diodes
connected back to back
This junction can also
have exactly reverse
polarity. The first one is
called an NPN transistor
and the one with reversed
polarity is called an PNP
transistor. The individual
symbols and their
simplified representations
are given in figure 8
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Transistor Tester

Transistors are current
amplifiers. This property
has been stressed many
times so far. We have
even seen a very simple
way to give a rough check
to the transistor by using
the ‘Wet-Finger-Test'

For those who are
interested in going a step
ahead, and do some circuit
construction, we have a
simple project here.

Figure 1
The operation of the transistor

the potentiometer ill the LED
just glows. The dial will directly.
give the B value.

Figure 2

The collector current is
proportional o the base current
Both the currents flow out
through the emitter
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Figure 2 shows the
current paths inside a
transistor. The base
current flows into the base
and leaves through the
emitter. The collector
current enters the
collector and leaves
through the emitter. The
collector current is much
greater than the base
current and the ratio of
collector current and the

ratio of collector current
and base current is the
amplification factor or the
gain of the transistor. The
transistor is sometimes
compared to a valve for
current through the
collector, which is opened
by the base current
This comparison, however,
is not true in the strict
sense. The value only
controls the opening for
the flow, whereas in our
case, the base current not
only opens the valve but
also decides the amount of
flow. In case of an
ordinary valve the flow
also depends on the
pressure, which is not true
in case of the transistor.
The collector current is
decided only by the base
current and not by the
supply voltage between
collector and eitter
The current gain of the
transistor is expressed as
Collector Current
Base current
As this is the most
important feature of a
transistor, we have
described a circuit to
measure the current gain.
(D.C. current gain, to be
more precise.) The current
gain is not identical for all
transistors, not even for
transistors having the

NPN-TRANSISTOR

Collector

Base_+

Base Current

Collector Current.

EMITTER
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same type number. The
value deviates
considerably from one
transistor to another. A
typical value can be
generalised for a particular
type number, and in
designing practical
circuits, care must be
taken to allow for this
deviation so that one
transistor can be
substituted with another
equivalent

The circuit described here
is suitable for measuring
the gain of all the normal
NPN transistor types.
(Alternative circuit for PNP
transistors is suggested at
the end of this article.)
The basic circuit is given
in figure 3, to explain the
function of the transistor
tester. The transistor
under the test is
designated by TUT
(Transistor Under Test).
The constant current of 10
micro amperes, which is
the base current. This
must produce a current
through the collector
which is the ‘B’ times the
base current. The collector
current IC flows through
the resistor R3 and must
produce a voltage drop
across R3 which will be
given by V = R3 xIC.

Now if we can somehow
measure this voltage drop,
we shall be able to
calculate the value of B
accurately. To measure
this voltage using a meter
would be an expensive
proposition because the
meter cost would be must
greater compared to cost
would be much greater
compared to the total cost
of the remaining circuit.
So, to keep the expenses
low, we shall use an
indirect method to
measure the current gain
of the transistor. A
comparator IC, which is
quite inexpensive, is used
here (IC1). The comparator
compares the voltage drop
across R3 with the
variable voltage given at
its another input. When
these two voltages are
equal, the output of the
comparator becomes zero
and the LED glows.
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The Practical Circuit :
A practical circuit is given
in figure 4, The constant
current source here is
made up of R1, R2, D1
and T1

The zener diode D1 gives a
constant voltage across
the emitter resistance R1
A constant voltage across
R1 means a constant
current through the

3

s3651x3

Figure 3.
The basic circuit of the tester. A

produces a proportional voltage
drop across R3.
Figure 4

Complete circut of the tester
for NPN transistors. The LED
glows when voltages across R3
and the voltage divider are equal
Figuro 5

Assembled circuit fitted into a
suitable case. A standard 9V
battery pack is used as the
supply for the tester.

emitter. As the base
current is negligible
compared to the collector
current, the emitter
current is almost same as
the collector current and
hence the circuit results in
a constant colector current
for transistor T1. The
values have been selected
in such a way that this
current is 10 micro
amperes.

This constant current of
10 microamperes flows
through the base of the
test sample to be minus
pole of the battery. A
constant base current of
10 micro amperese causes
a collector current which
is given by the following
relation

IC =BX104A

This current flows through
R3 and causes a voltage
drop.

xR3
BX10 4 Ax1KQ
This voltage now appears
on one of the inputs of the
comparator. IC1. Other
input of the comparater is
fed with the voltage given
by the voltage divider
potentiometer P1. The

potentiometer P1 is
connected in parallel
across the zener diode,
thus giving a range of O to
4.7V on the voltage
divider output. The
potentiometer can be
adjusted in such a way
that both inputs of the
comparator are at same
voltage level

When the inputs to the
comparator are equal, its
output is zero and the
zero voltage at one end of
resistor R4 causes a
current to flow through
LED and Rd. This current
makes the LED glow
brightly.

The comparator IC1 is an
operational amplifier and
amplifies the voltage
difference between its two
inputs. The gain of this
operational amplifier is
several hundred thousand
A small difference in the
two input voltages is
amplified to a high voltage.
Even a small difference in
the range of few
microvolts will be
amplified to such a level
that the LED will be
extinguished. The LED
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practically glows only
when the two input
voltages are equal. The
potentiometer knob can be
fitted with a dial and it can
be calibrated to read the
gain of the transistor
directly.

Construction
Details :

The entire circuit of the
tester is so small that it
fits on just half of the
SELEX PCB. A list of
components and the
connection diagram is
given for simplifying the
task of construction. As
usual remember to solder
the passive components
first and then the
semicondutor components.
Jumper wires should be
insulated and properly
soldered. Single strand
jumper wires will be
preferable as they have no
risk of splicing up and
touching other component
leads or PCB tracks like
the stranded wires. The
assembled circuit can be
fitted inside a standard
case similar to the one
shown in figures 1 and 5.
LED is fitted using an LED
holder. A standard knob
with dial can be used for
the potentiometer. Three
wires with three different
colours are used for Base,
Collector and Emitter
connections to the TUT.
These wires should

be fitted with mini
crocodile clips at the other
end. The openings through
which these wires come
out from the case should
be marked B, C and E for
convenience in connecting
the TUT.

The operational amplifier
specified is LF 356, but
can be substituted with TL
081 or 741 in case of non
availability of other two
ICs. However, using 741
will hamper the
performance of the tester
and transistors with B
values below 120 will be
impossible to test. The
heavy duty power
transistors generally have
the B values in this range.
Finally a word about the
IC. Insert the IC in its
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Component List

90 0
P1-500 K () Linear Potentiometer
D1 4.7V zener diode 400 mW
D2 - LED

T1-8BC 5578

Other parts
1 SELEX PCB

1 Battery connector clamp.
19V battery pack

3 Mini Crocodile Clips.

1 LED holder

1100 K 0 Linear potentiometer

for calibration.

1 Potentiometer knob with dial
or pointer.

1 Suitable case and related
hardwar

s o |

4aDC

S L T

s3651X6

socket in the correct
direction. The IC pins may
need a little bending
inwards if the IC is brand
new, before inserting it
into the socket.

Calibration:

Once you have your tester
working, the scale of
potentiometer P1 can be
calibrated. Figures 6 and 7
shows the connections
required during calibration
First the multimeter is
connected in place of the
TUT as shown in figure 6.
The actual current is
measured using the DC
micro-amperes range of
the multimeter, to see if it
deviates from the desired
10 micro-ampere value
After this the multimeter
is connected with a 100
KN potentiometer (Linear),
as shown in figure 7. With
the test circuit different
collector currents between
0.25 mA and 4.5mA are
simulated in 0.26 mA and
0.5 mA steps. At every
step the position of P1 for
balancing the voltage
across R3 is marked. The
markings will correspond
to B values between 25
and 450 if the base
current was really 10

Figure 6:
Measuring the current of the
constant current source,

Figure 7
Connections required during calibration
of potentiometer scale.

Figure 8 :

Alternative circuit for testing PMP
transistors

. If the base
current measured during
the first test was different,
the simulated values of
collector current should be
suitabl/ changed

For example, consider a
case where the base
current is 11
microamperes instead of
10

The collector current
simulated for B value of
25 would be 0.275 mA
instead of 0.25 mA.

Alternative Circuit
for PNP
Transistors.

Figure 8 gives the
suggested alternative
circuit for testing PNP
transistors. The
functioning of the tester is
similar to the one
described for NPN
transistors




Digital
Sequential
Alarm
Annunciator
Panel (Ador
Sequence-
guard Series)

Advani-Oerlikon solid
state Digital Sequential
Alarm Annunciator Panel
has been designed and
developed for the first
time in the country for
use in thermal power
plants and other heavy
engineering industries
wnere confinuous
process systems are
required to be
monitored.

In the standard product,
it is not possible for the
operator o identify the
point that has given the
alarm first, and the
subsequent sequence.
Now, with the use of
Advani-Oerlikon Digital
Sequential Alarm
Annunciator Panel, the
operator can
numerically identify the
sequence of faults
indicated digitally with
the help of seven-
segments LED displays
mounted along with
every window. The first
nine faulfs are
annunciated in this
style.

The Panel is modular in
construction.

For further details please
quote ref. No.
P/26/L/SHG and write to.
Advani-Oerlikon Limited
Post Box No. 1546
Bombay 400 001.

Hand-held
Plastic
Moulded
Instrument
Case: T-28

“"Comtech - 1-28" is a
well designed plastic
moulded instrument
case basically suitable
for many Hand-Held ins-
frument having overall
dimension of 28mm W x
85 mm x163.5mm L. The
front Bezel (20.8mm x
51.8mm) is suitable for
3% digit display. The ins-
trument case can
accommodate a peb of
79mm x 74mm on the
four projected lugs
provided on the inside of
the front cover, by using
No. 4 self tapping screws.
The 0.5mm deep recess
on the front cover will
accept an aluminium
lable of 111 mm x 71.5
mm for various control
indications and a similar
recess on the back cover
(64mm x 46mm) can be
used for manufacturer's
details,

The moulded case
features a separate
battery compartment
suitable for 9V flat cell,
such that the cell can
be replaced without

AHHHIIM

opening the instrument.
The two antislip rubbers
at the back, preserve the
case from scratches. The
case offered in-grey and
plack colour, is suifabe
for DMM, Temperature
Indicators & remote-
controllers etc.

For more information write
to

M/s. Component Technique
8, Orion Apartment

29-A, Lallubhai Park Road
Andheri (West)

Bombay - 400 058

PLA Digital
Multimeter
Type . DM-
14B1

Pla introduced cheapest
indigenous DMM type
DM-14B1 in their
handheld DMMs farmily.
It measures AC/DC volts,
DCI and ohms with
superb overload

wtorasn ke

protection on all inputs
Push button switches for
easy single hand
operation, plug-in LS/
LSD/ICS, single 9V
battery lasting 1000 hrs.
These all features
available af rock bottom
prices. Very useful for day
to day work, rugged and
compact. Please enquire
for price, available ex-
stock.

For further details contact
PLA Electro Appliances
Private Limited

Thakor Estate,

Kurla Kirol Road,
Vidyavihar - (West),
Bombay - 400 086.
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® Desolders thoroughly.

® Sturdy construction

u Replaceable Teflon Nozzle

® Largest selling in India

u Widely accepted in UK., USA,
West Germany and Singapore.
Export Enquiries Welcome

Distributors:

©
P e
Chhotani Building 52C, Proctor Road Grant Road (E), Bombay-400 007.

Desoldering
Pump

Manufactured by:

Industrial Electronic

& Allied Products

1423, Shukrawar Peth,

Off. Bajirao Road,

POONA 411 002, India.

Phone: 446241, Gram: SEFOTAKE.

A BOOK

SHADNES ( werorous M2,

s INTERSIL %

7) TeExas INSTRUMENTS SIEMENS
Zilog REGA ntel ASANYO

[ANAL8 9 &) PHILIPS
4 TELEDYNE  CENERAL @ ELECTRIC

uswezrs [ pacano

G

COOK BOOKS, OSBORNE BOOKS, SYBEX BOOKS.
TAB BOOKS. SAMS BOOKS. TOWER BOOKS -
ELEKTOR BOOKS APPLE COMPUTER BOOKS AND
MICROPROCESSOR COMPUTER BOOKS etc
PLEASE WRITE FOR DETALLS,

ELTEK BOOKS-N-KITS

6 RITCHIE STREET, MOUNT ROAD
MADRAS-600 002. S. INDIA
GRAM: ELTEK'PHONE: 844405 TELEX 41-6734 TEX IN
NEW ARRIVAL
SANYOTE “$ T K” DATA DIAGRAM BOOKS
UP-TO-DAT
WORLD TRANSISTOR COMPARISON BOOKS
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Almost Everything For
Sinclair ZX
SPECTRUM

Computers

© Guaranteed Repairs.
© Latest Software Rs. 50/- for two programmes
including cassette and manual.Get our free list.
© Custom written Software.
© Monitor Rs. 2100/~
© 80 Column Dot Matrix printers with interface for QL also,
® Al types of Interfaces.
© Al types of Peripherials.
© Many Accessories.
® C-10-C-15 blank cassette for data recording.

© Furniture: Simple and Elegant tables specially made for
computers.

Contact

Pioneer Electronics

2, Court House, Dhobitalao, Bombay - 400 002.
Pt Office: 311634 Res: 475693




Whatever your multimetering needs..

27

its measure.

Best in the world, snd our DM 351 —the 3,

n made its of Digital
et atTor AT e e, o

give your measurements
They desere.

The prime benefivs of Digital Mutimeters s in
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designing.

Yet there is no denying the finesse of Analog
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For further details write to:

THE MOTWANE ~MANUFAC-
TURING CDMPANV PVT. LTD.,

Baug, Nasik
oad 455
86297/86084 Telex: 752-247 MMPL IN
Grams: MOTWANE or Gyan Ghar, Plot 434 A,
14th Road, Khar, Bombay-400 052. Grams-
: MOTESTEM.

MOTWANE

India and one of the
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Designatio
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lektor india february 1986 2-63



classified ads

CONDITIONS OF ACCEPTANCE OF CLASSIFIED ADVERTISEMENTS

1) Advertisements are accepted
subject to the conditions
appearing on our current rate
card and on the express
understanding that the
Advertiser warrants that the
advertisement does not
contravene any trade act
inforce in the country.

2) The Publishers reserve the
right to refuse or withdraw any
advertisement.

3) Allhouqh every care is tal

rs shall not be Ilsble
for clem:al or printer’s errors or

4) The Advertiser’s full name
and address must accompany
each advertisement submitted.

The prepaid rate for classmed
advertisement is Rs. 2.00

word (minimum 24 words)

Semi Display panels of 3 cms

by 1 column. Rs. 150.00 per
panel. All cheques, money
orders, etc. to be m:

payable to Elektor Elecnomcs
Pvt. Ltd. Advertisements,
together with remittance, should
be sent to The Classified
Advemsemenl Managel For

their

please add %o

8085 Microprocessor trainer in brief.
case Rs. 2970/- Built in EPROM

PROGRAMMER power supply. 2K
CMOS RAM with dry-cell back up
expandable to 8K, 12K, user EPROM

New Age Electronics third floor, Laxmi
Mahal, Near Vandana Cinema, Agra
Road, Thane-400 602

Translator for French, German, Italian,
Spanish,
other foreign languages contact: MIHIR
A. VITHANI 458, J.S.S. Road, 3rd floor,
Block No. 36, Chirabazar, Bombay -
400 002

i Components

with the i p

are

VISHA ELECTRONICS

17, Kalpana Building,

349, Lamington Road

Bombay - 400 007 Phone: 362650

DYNALOG MICRO SYSTEMS

14, Hanuman Terrace,

Tara Temple Lane,

Lamington Road

ay - 400 007. Phone: 353029, 362421
ELECTROKITS

20, Narasingapuram Street

(First Floor) Mount Road

Madras - 600 002

INTEGRATED ELECTRONICS

INSTRUMENTS

82:174 Red Cross Road
inderabad 500 003 Phone: 72040

SILIKON ELECTRONICS

315, Lamington Road, Shop No. 4

Kalpana Mension, Opp. Police Station
Grant Road, Bombay - 400 007
644
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Advertisers
Index

AFCO . & C. LTD.

APLAB s

APPOINTMENT

ARUN ELECTRONICS .

ATRON ELECTRONICS

BAKUBHAI AMBALAL . ...
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DEVICE ELECTRONICS
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GRAFICA DISPLAY
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OSWAL ELECTRONIC CO
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FOR THE HOBBYIST & ELECTRONIC “BUEF

WE HAVE GOT IT ALL

N\\GON TOGK No Price

S LM 379 65.00

LM 380 20.00

No Price LM 381 35.00

LM 382 3000

N price  ULN 2003 3000 LM 384 3000
LM 301 1000 LM 386 15.00

741 600 LM307 2000 LM 387 35.00
741705 1400 LM 308 1500 L™ 389 30.00
723 DIC 1000 LM311 1500 LM 391 50.00
723 705 1500 LM317T 18.00 LM 3900 10.00
555 500 LM317K 6000 LM 3914 65.00
BEL 700 1000 LM318 4500 LM3915 65.00
CA 3028 3000 LM 324 800 LM1818 55.00
TLO 61 3000 LM 339 1000 MM 5387 50.00
TLO 71 3500 LM 348 2000 MM 5402 50.00
TLO 72 3500 LM 356 3000 MM 7317 60.00
TLO 82 3500 LM 358 2000 UAA 170 35.00
TLO 84 3500 LM 377 4500  UAA 180 45.00

Also we have wide range of TRANSISTORS in 2SA, 2SB, 2SC, BC, BF & 2N series

/p\E/WL‘TE/ OW AVAILABLE

TELEPHONE EXCHANGE
Complete kit as described in Elektor - India Molody bell in semi assembeld module
Jan "1986 issue kit for Rs. 1300.00 only. (with speaker) for Rs. 60.00 only.

(Kit contain the PCB and components that
goontothe the PCB)

RESOURCING SUPERIOR QUALITY COMPONENTS
FROM TREASURY SUPPLIERS

MO.0rDD.

e packaging and forwarding

17, Kalpana Building, First Floor
349, Lamington Road
Bombay-400 007

by VPP, for the balance amaunt.

d self addressed envelops with your enquires
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vatts News?

After 30 years of communicating our
finest efforts to you—we still have
more news for you.

Cosmic is now breaking every sound
barrier in maintaining its sophisticated
electronic image by touching perfection
in the manufacturing of its Tape decks/
recorders, Stereo Systems, Amplifiers,
Turntables, Head-Phones.

A single dominant factor has
gncouraged us o keep expancing and
that is consumer satisfaction.

Stay tuned to us.

CcCOSMIC

We are Sound!
P ter - R Chrr. 2 Komr 140 o X Sy 400052 e Tt . 163 anUogon
T Pie Row, Lowr Parel Somoay 6000
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